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ABSTRACT 
Pterocarpus ango7ensis is Namibia's most importantindige-
nous timber species. The species is currently heavily 
expl oi ted and more goal directed management needs to be 
implemented to ensure its continued survival in the 
country. However, the 1 oca 1 knowl edg-e of the speci es as 
well as its envi ronment is very 1 imi ted, mak i ng the 
development of management strategies very difficult. 
Thi s study revi ews the avai 1 abl eli terature on P. 
ango7ensis and the dry savanna woodlands in which the 
species occurs. The applicability of this iiterature to 
Nam; bi an condi t ions is invest; gated th rough a vegetat ion 
study. The literature and results of the field study are 
then used to compile a model .of the savanna system, with a 
link to a P. ango7ensis model. 
of the 
under a 
on which 
The mode 1 is used to invest i gate the behavi ou r 
savanna system and a P. ango7ensis population 
var i ety of condi ti ons, and provides the bas is 
management recommendations are formulated. 
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UITTREKSEL 
Pterocarpus ango7ensis is Namibie se belangrikste inheemse 
saaghoutsoort. Die boomsoort word tans intensie~ be~ut, en 
m~er doelgerigte bestuur is nodig om sy voortbestaan in die 
land te verseker. Die huidige stand van kennis betreffende 
die soort is beperk ,wat die ontwikke 1 i ng van best uu rs-
strategie bemoeilik. . 
Hierdie studie hersien die beskikbare literatuur 
betreffende P; ango7ensis en di e droe savanna bose waari n 
die soort voorkom. Die toepaslikheid van hierdie 
literatuur vir Namibiese omstandighede ~ord met behulp van 
'n plantegroei-opname getoets. Die uitslae van die opname, 
sowel as die 1 iteratuur word dan gebrui k om In model van 
die savanna s i steem te ontwikke 1, met 'n verband na In P. 
ango7ensis model. 
Die model word gebruik om die gedrag ~an die savanna system 
en 'n P. ango 7 ens is. bevolk i ng onder i nvl oed van 'n aanta 1 
" nvloede te ondersoek, en vorm di e basi s vi r di e 
formulering van aanbevelings vir bestuur. 
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1. INTRODUCTION 
The structure of the dry savanna woodlands in northern Namibia 
is progressi ng towards open savanna wi th scattered trees (see 
Photo 1). The forestry authorities regard this trend as a 
degradat i on of the woodl ands, and attempts are to be made to 
reverse this trend. 
Photo 1. A di sti nct gap is vi si bl e between the canopy and 
the grass layer. Although some woody plants occur 
in between the herbaceous 1 ayer, they are burnt 
back to ground level at each fire (F.P. Graz, July 
1993) 
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One of the leading causes of the change 'in vegetation structure 
is the high incidence of fite in the woodland a~eas. Although 
fire is knowh to play an· important role in the maintenance of 
the savanna ecosystem the current frequency is assumed to have 
a detrimental ~ffect. These assumptions are derived from 
findings from neighbouring countries (e.g. Trapnell 1959, Knoop 
1982), as well as from studies within Namibia (Geldenhuys 
1977). 
Further impact on the woodl and comes from the use of ·woodl and 
resou rces by the. i ndi genous popu 1 at ion, and the fo rma 1 and 
informal timber industry. Important resources include 
firewood, land for grazing and shifting cultivation, building 
material, veld foods, sawtimber and other uses. 
Kiaat(PteroCarpu~ ango7ensis) is the most important indig~nous 
timber, species in Namibia. Its occurrence is limited to the 
dry savanna woodlands in the northern and north eastern parts 
of the. country. The avai 1 abl e i nformat i on on the speci es 
indicates that its population structure and development is 
strongly i nfl uenced by peri odi c di sturbances of the woodl ands 
through land clearing and/or fire (Vermeulen 1990). 
Further investigation irito the ecology and distribution of the 
species in the Namibian context is necessary before goal 
directed management and silviculture can be implemented. 
2 
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The general framework for envi ronmenta 1 conservation and 
conservation based forestry is provided by the constitution of 
Namibia and the N~tional Forestry Policy (1992, unpublished). 
For the purposes of this study the objectives given by the two 
documents are interpreted and summarised as follows: 
More 
To ensure the long-term survi va~ of the dry 
savanna woodlands by promoting the evolution of 
a res; 1 i ent vegetat i on structure and speci es 
composition which will permit the exploitation 
of woodland resources. 
specifically, this study concerns the structural 
development'of the dry savanna woodlands, with special emphasis 
on the management of P.' ango 7 ens is. The obj ect i ves are as 
follows: 
To consolidate and evaluate existing information on 
Pterocarpus ango7ensis 
To describe the most important ecological processes which 
influence the dynamics of the dry savanna woodlands with 
particular consideration of P. ango7ensis. 
3 
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To invest i gate the effect of fi re and 1 and use on the 
status. and development of P. ango 7ens i sin the study 
area. 
To evaluate available information with regard to the 
exp16itation of P. ango7ensis. 
Due to these multiple objectives, the study is divided into six 
parts. The first. part provi des background information of the 
conditions experienced in Namibia in general and the study area 
in particular. The second part reviews the available 
literature oM the species P.~ngo7ehsis, while the third reviews 
the. 1 i terature on savanna and savanna: woodl an-ds in whi ch the· 
species is found. 
Part four provides a detailed description of the study area and 
stratifies it for a field study, using basic remote sensing 
techniques. the field work is intended to deter~ine the 
re 1 evance of the 1i terature to the Nami bi an context and is 
reported on in part five, 
The final part describes the development and use of a model to 
invest i gate the appl i cat ion· of . the 1 i terature study and fi e 1 d 
resu 1 ts . Although the s; x parts are treated. separate 1 y, they 
are none-the-less closely interlinked. 
4 
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1.1 Purpose of the Field Enumeration 
To determine the applicability of the pUblished literature to 
the conditions experienced in Namibia afield survey was 
required to provide the following specific information: 
1 . A comparison of the vegetat i oni n areas under different 
grazing and fire regimes. 
The variables that were considered were: 
The woody vegetation density 
Differences in g~owth forms of woOdy species. 
The density of grasses and other herbaceouS vegetation. 
2. A comparison of the population structure of P. ango7ensis 
in relation to differences in the general vegetation. 
The variables selected were: 
The diameter distribution of the species. While an age 
class distribution would have been preferable, the 
difficulty in agi~g P. ango7erisis made the establishment 
of such a distribution impractical. 
The height distribution of the species. 
5 
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3. Soil condition 
The soil variables that were assessed are: 
physical parameters. 
chemical quantities. 
1.2 The Modelling Approach 
The limited literature available shows- that there 'are few 
research results for P. ango7ensis in Namibia, despite the 
importance of the speci es for 1 oca 1 economi es. 
aspects in particular seems to have been neglected. 
the current exploitation of the dry savanna 
traditional resource use and human population 
Ecological 
I n vi evJ of 
woodlands, 
growth such 
information will become more and more significant i.n the 
future, if the species isto persist. 
Research on the ecology of P. ango7ensis will, however, require 
long term stud i es 5 i nce the spec i es goes through an extended 
suffrutex stage (Vermeulen 1990) and may eventually reach an 
age of over 100 years. It is therefore 'essential that all 
available information is processed and evaluated intensively to 
maximise its~use and to indicate further knowledge and research 
requirements. 
The model constructed for thi s study is a tool to faci 1 i tate 
further understanding of the current inform~tion (5tarfield and 
Bl e1 och, 1986, and von Gadow an'd van Hensbergen, 198.7). 
6 
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PART 1. DESCRIPTION OF THE STUDY AREA 
2. CRITERIA FOR THE SELECTION OF A STUDY AREA 
In order to be relevant to the P. ango7ensis industry in 
Namibia the study area needed to fulfil the following criteria: 
The conditions prevailing in the -study area should be 
representative of the majofityof savanna woodland areas 
of Namibia. These conditions spec'if-ically relate to:.-
soi 1 , 
rainfall, 
fire history and 
agricultural land use practices 
To minimise the cost of the study the amount of available 
information. heeded to be as high as possible, and 
The area needed to be readily accessible. 
T h r e e reg i on s we r e 'cons ide red i n t e r m s of the sec r i t e r; a . A 
short ev~luation of these alternatives is provided in Appendix 
1 . 
7 
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3. DESCRIPTION OF THE STUDY AREA 
3.1 Location 
The area selected for the study is 'located approxi mate 1 y 
between 190 17 1 E, 190 5 1 5 and 190 15 1 E, 190 17 1 5, and falls within 
the dry woodlandsdescrib~d by Giess (1971). It i ncl udes the 
farms Rooidag (1001) and Talitha (1006) in the eastern sections 
of the G~ootfontein magisterial district~ and an. adjoiriing 
section in the area formerly known as Bushmanland. Map 1. 
shows -the 1 ocat i on of the area in north eastern Nami bi a. 
3;2 Climate 
The climate over the sout~ern African sub-region is dominated 
by two hi gh pressure systems off the west and east coasts of 
the region; the Atlantic High and Indian Ocean High 
respectively. During the summer months the two pressure 
systems are situated further south than during winter, 'with the 
cent re of the I nd·ian Ocean High well out to sea (Van Hee rden 
and H u r r y 1 98 7) . 
The Atlantic High leads to a flow of air from the ocean onto 
land.' Since this airflow moves only a short distance over cold 
(Benguela Current) water it picks up little moisture, and gives 
rise to little or no precipitation (Van Heerden and Hurry 
1987). 
8 
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I 
The major source ~f moisture is the Indian Ocean, east of the 
sub-cont i nent . Air movement caused by a pressu re grad i ent 
between the Indian Ocean high and low pressure systems inland, 
cause mai sture to be transported to the western part of the 
sub-region. Inland rainfall is of convective origin, 
accentuated by the diurnal heating cycle. Rainfall therefore 
occurs mostly in the late afternoon. and early evening in the 
summer months and increases f~om east to west (Tyso~ 1986). 
3.3 Weather Patterns Over The Study Area 
'3.3.1 Precipitation 
Rainfall in Namibia occurs as scattered showe·rs during the 
sum~er months (FAD 1981). Much df this precipitation occurs in 
the form of thunder-showers (pers. obs.). Ouri ng wi nter, on 
the other hand, no rain is re60rded (FAO 1981). 
Accordi ng to Amakal i (1992). the study area 1 i es ina regi on 
which receives between 450mm and 500mm of rain per year. 
R a i n fall ish i 9 h 1 y va r i ab 1 e , a 1 tho ugh t his va ria b i 1 i t y can not 
be quantified ·as there is insufficient data available (Amakali 
1992). Chivell and Mostert (1991) had previously attempted to 
provi de a formal statement on ra i nfa 11 vari abi 1 i ty. The two 
authors used .the records of 28 rainfall stations in the Karst 
area (Tsumeb-Otavi-Grootfontein) to assess precipitation. 
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They considered that rainfall cycles with a fourteen year 
period occur but were unable to confirm such cycles 
statistically (Chivell and Mostert 1991). A 1 though the area 
covered by Chi vell and Mostert is some 100km south-west of the 
study area it represents the nearest weather stat; ons wi th 
long-term, formal records. 
TDta' Annual Rainfall (mm) 
1000r-------------------------------------------------~ 
800 
eoo 
400 
200 
o 
18e8 1871 1875 1888 1883 
"'ar 
Figure 1. The annual rainfall on farm Rooidag since 1967 
(Based on recordings from a non-standard, plastic 
rain-gauge) . 
The annual variation of precipitation of the farm Rooidag is 
summarised in Figure 1. Figure 2 depicts the monthly 
distribution of rain on Rooidag, as averaged over the last 25 
years. Although these records were not standardized with the 
requirements of the Namibian Weather Bureau, the figures 
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nevertheless provide important indications of rainfall 
patterns. 
Figure 2 shows that the annual rainfall in the study area 
occurs in a single wet season from late October to mid March. 
No rain has been recorded in June, July or August. Rainfall 
recorded during May and September represents less than one 
percent of the annual total (calculated from the monthly 
means) . 
Monthly RaInfall (mm) Monthly EVllPoratlon (mm) 
a8o.------------------------------------------------.38o 
SOO SOO 
260 260 
~==~--=_-------------~~--------------~200 
1 &0 ---... --.---.. --.. - .... ----.. --.-.. --.... -... ---.. ---... - .--------.-.-.---... 160 
JAN FEB MAR APR MAY JUN JUL AUG 8EP OCT NOV DEC 
Month 
Average per Month. 
EZ:ZJ RaInfall - EvaporatIon 
Figure 2. The monthly distribution of rainfall on Farm 
Rooidag, and the estimated pan-evaporation after 
Crerar and Church (1988). 
3.3.2 Evaporation 
According to Crerar and Church (1988) potential evaporation 
over Namibia lies between 2600mm and 3800mm per year. In the 
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study area, however, rates vary between 2600mm, and 2800mm per 
year (Nami bi a Ground Water Development Consu 1 tants ,1991). A 
long term mean evaporation of 3120m~ has been recorded in 
Groot fontei n, the weather stat ion closest to the study area 
(Crerar and Church 1988). 
Like annual precipitation, evaporation is probably variable 
between years, and betweeri seasons. Insufficient data is 
available, however, to analyse evaporation statistically. 
For practical purposes Namibia has been divided into four 
evaporation zone~. These are arbitrary and changes in 
evaporat i on rates are gradual (Cr'erar and Church 1988). The 
study area fa 11 s on the boundary between zones A and B, wi th 
mean monthly evaporation rates as indicated in Table 1. 
Table 1. Mean monthly evaporation rates of Zones A and S, as 
percentage of total evaporation of betw~en 2600 to 
2800mm. (After Crerar and Church 1988) See also 
Figure A. 
Month 
--
Zone Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
--
A 7.8 7.4 8.3 7.6 7.2 6.2 7.0 8.6 10. 1 12.0 9.5 8.3 
B 10.3 7.9 7.3 6.6 6.1 5.9 5.4 7.5 9.5 11 .3 10.9 11 .3 
---
Mean· 9.1 7.6 7.8 7.1 6.6 6.1 6.2 8.1 9.8 11 . 7 10.2 8.8 
• Interpolated Mean for the study area 
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It is clear from Figure 2 that ~vaporation far exceeds 
preci pi tat i on and that pl ants therefore need to cope wi th a 
severe water deficit. Water availability must therefore be a 
primary constraint in plant establishment and development. 
This is especially so since the soils which support the 
vegetation under study have a low water holding potential 
(Department Water Affairs 1971). 
3.3.3 Re1ative Humidity 
Records from Grootfontein Airport (the weather station closest 
to the study area) ind i cat.e that there is a large daily and 
annual fluctuation in the relative humidity . 
Humidity (111) 
1QOr---~~-------------------------------------------' 
8Q~·· ··· · ·········~· · ··· · ···· ··~··············· ··· · ··· .................................. . 
Figure 3. 
JAN FEB MAR APR MAY JUN JUL AUG 8EP OCT NOV DEC 
Month 
~ O8hOQ _ 14hOO c::::J 20hOO --- Dally Average 
The average daily relative humidity at Grootfontein 
at 08hOO , 14hOO and 20hOO, the overall daily 
average. 
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Figure 3 shows the daily average relative humidity at 08hOO, 
14hOO and 20hOO. as well· as the overall daily average; all 
values are summarised from the available records dating back to 
,1968 (Namibia Weather Bureau 1995). I t is evident that the 
relative humidi ty reaches its minimum during September. just 
before the next rains may be expected (See Figure 2). 
3.3.4 Wind 
The orientation of the linear dunes which characterise the' 
study area (see later) were formed by prev~;ling ·easterlywinds 
(Department Water Affairs 1971). The wind data which could be 
obtained for the Grootfontein Airport did not indicate 
cone 1 usi ve 1 y wether or not th i' s pattern had changed (Weather 
Bureau of Namibia). 
A high frequency ~f cyclones ('dust devils') occurs in the dry 
season. I tis e v i dent t h at the y d i st rib ute win d b 0 r n e see d ; 
probably over considerable distances (per~. obs.). 
3.3.5 Temperature 
The closest weather station which has recorded temperature data 
re.gu 1 ar 1 yin the past is at the Groot fontei n Airport (Nami b i a 
Weather Bureau 199q). 
provided in Table 2. 
A summary of these recordings is 
Tabl e 2 shows that the hi ghest dai 1 y temperatures are found 
from September to January, and the lowest between' May and 
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August. Maximum differe~ce between ~aily maximum and minimum 
temperatures occ~r from May to September. 
Table 2. Average daily temperatures and the temperature 
extremes measured at Grootfontein Airpo~t. The 
averages are based on records from 1968 to 1985 
(Namibia Weather Bureau 1995). 
, 
Average Average 
Daily Daily Absolute Absolute 
Month Maximum Minimum Maximum Minimum 
JAN· 30.3 17.9 38.3 11 .6 
FEB 29.() 17.2 38.7 1 1 . 1 
MAR 28.5 15.9 36.1 5.9 
APR 27.7 13.0 34.8 5.6 
MAY 25.6 8.1 32.7 -1 .7 
JUN 23.2 4.9 28.1 -0.5 
JUL 23.6 4.4 29.5 -3.4 
AUG 26.9 7.4 33.4 -6.0 
SEP 30.7 11.9 35.4 -0.4 
OCT 32.0 15.7 36.8 5.4 
NOV 31 .7 17. 1 37.5 7.6 
DEC 32.0 17.6 37.4 10.5 
3.4 Soils and Ground Water 
The study area is characteri sed by 1 arge, stabl eli near dunes 
(sei f dunes) or ientated east -west. These were formed under 
arid conditions by easterly prevailing winds, and were 
col oni sed and stabil i zed by vegetat ion ina wetter peri od, 
possibly under climatic conditions similar to those prevailing 
today (Department of Water Affairs 1971). 
16 
Stellenbosch University  https://scholar.sun.ac.za
The sand of t~e dune ridges has a poor water holding capacity 
and nutrient status, and therefore has low agric~ltural 
potential. Nevertheless these soils usually support. taller 
trees (Department of Water Affairs '1971) than the soils between 
. -' 
the dune ridges (streets). 
The street soi 1 s have a heavi er texture, are comparat i ve 1 y 
shall~w and approach the level of the un~erlying calcrete 
(Department of Water Affairs 1971). These soils are therefore 
characterized by a diffe~ent species composition. 
I n some areas very' low dunes occur, whi ch gi ve ri se to a 
vegetation made up of the species found on the dune ridges and 
in the streets. These low dunes have soils similar to those of 
the higher dune ridges and are therefore. referred to as 'broken 
dunes' (afr. "gebroke duin") by the local' farmers. 
Figure 4, provides an indication of the relationship betwe.en 
dune ridges, streets and broken dunes. 
A ground water survey carried out on behalf of the Departmerit 
of Water Affairs in 1991 indicated that th~ water table in the 
study area is around 100m to 120m below the surface, although 
some of the farmers in the area maintain that their boreholes 
are upto 300m deep. 
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Figure 4. The relationship between dune ridges, broken dunes 
and streets in the study area. (See later in 
text) . 
3.5 Fire 
No documentation concerning the incidence of fire in the study 
area could be found. During discussions with farmers it became 
evident, however, that the farms had burnt infrequently since 
the 1960's, when they had been established (Vermaak pers. 
com. ). 
On the other hand, the area to the east· of the farms, in the 
communal area, was burnt almost annually. While no records on 
the causes of fire are available, it is assumed that most are 
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caused by man, 
carelessness. 
either intentionally or as a result 6f 
More accurate estimates of fire frequency~ distribution or fire 
season may be defermined with the aid of NOAA satellite images. 
The costs involved i ndoi ng so are, however, beyond the means 
of this project. 
3.6 Farming" Practices 
The farms in the study area were estab 1 i shed in the 1960 IS 
(Vermaak pers. com.), and have since been used for cattle 
farming. Also, some areas in the streets are suitable for 
cultivation. 
The farmers have fenced off "the street veget?tion from the dune 
ridges, and utilize these areas at different times of the year. 
The dune ridge camps are often infested with Dichapeta7um 
cymosum, a poisonous plant which sprouts much earlie~ than the 
rema i ni ng vegetat i on and att racts the domest i c catt 1 e. The 
farmers therefore avoid use of these camps in the early growing 
season, since cattle losses have been quite substantial in the 
past. 
The grazing pressure on the two farm in the study area differ 
considerably, with grazing markedly heavi~r on Rooidag. 
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PART 2. THE SPECIES Pterocarpus. angolensis 
Photo 2. A Pterocarpus ango7ensis tree in dune vegetation on 
Farm Talitha (F.P. Graz, October 1994). 
4. DISTRIBUTION 
Pterocarpus ango 7 ensi sis a Legumi nous tree (von Brei tenbach 
1973) which belongs to a genus comprised of about 100 species 
(Dyer 1975). Four of these species occur in the northern and 
eastern parts of southern Africa. 
The countries in which P. ango7ensis is found include Zambia 
(Trapnell 1959), Malawi (P. Hardcastle pers. com.), Mozambique, 
Tanzania (Groome et a7. 1957b), Angola, Namibia, Botswana, 
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South Afr i ca, Zimbabwe (Coates Pa 1 grav.e 1983) and Swaz i 1 and 
(Dyer 1975). 
Map 2. The distribution of P. ango7ensis (adapted from 
Coates Palgrave 1983) . Shaded areas indicate 
unconfi rmed reports from foresters who had worked 
in those areas (pers. com.). 
5. DESCRIPTION 
The 1 eaves of the tree are i mpari pi nnate (Dyer 1975) and are 
arranged alternately on branchlets (Coates Palgrave 1983), with 
young 1 eaves dense 1 y, s i 1 ky-pubescent (von Brei tenbach 1973). 
Mi nute g1 ands are often found on the undersi de of 1 eafl ets 
(Coates Palgrave 1983). 
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Leaf-flush is cued by the first rains (Childe·s 1989, Vermeulen 
1990), and Coates Palgrave (1983) and Childes (1989) state that 
leaves 
Childes 
fa 11 ea.r 1 y . 
·presumes that 
A 1 though he 
leaf fall 
does not 
commences 
moisture stress at the start of the dry season. 
def i ne I ear 1 y I , 
in response to 
To enabl e the tree to fl ush pri or. to the fi rst rai ns food 
materi al sproduced in March and April are stored (Vermeulen 
1990) rather than used for growth. 
Flowers are orange. to yellow . and occur in large, branched 
sprays (10 to 20cm long). from August to . December (Coates 
Palgrave 1983). According to Childes (1989) flowering 
commences before leaf flush, and is markedly synchronised; 
probably induced by temperature and photoperiod. 
6. SITE REQUIREMENTS AND GROWING CONDITIONS 
6.1 Soil 
Within its distribution range P. ango7ensis occurs mostly on 
deep sands, with the biggest trees on w~ll-drained soils with ~ 
sandy or loamy texture (Vermeulen 1990). 
Personal observatio~s and discussions with local forestry staff 
indicate, that the species was able to establish itself on the 
slightly heavier soils of a dry river bed in Bushmanland, 
Namibia. None of the plants observed had developed beyond the 
22 
Stellenbosch University  https://scholar.sun.ac.za
suffrutex seedl i ng / stage (see 1. ater in text) and assumpt i bns 
about long term survival cannot be made. 
6.2 Water 
The spec i es occurs in areas whi ch are characteri sed by well 
defined wet and dry seasons. Rainfall may be as low as 500mm / 
annum' (Vermeu 1 en 1990 ,Groomeet a 7. 1957b) , (although 
preci pi tat ion in the study area is somewhat 1 ess) and a water 
table of around 70m (Vermeulen 1990). 
The soil conditions favoured by the speci~s together with th~ 
rooting strategy described by von Breitenbach (1973) and 
Vermeulen (1990) indicat~ that the species' water requirements 
are met by precipitation rather than a permanent subterranean 
water supply. This brings the tree into competition for water 
with the remaining vegetation. 
compet i ti on for ~phemera 1 
Under conditions of exceptional 
water resources, however, P. 
ango7erlsis is not successful (vori Breitenbach 1973). 
6.3 Light 
According to Groome et a7. (1957b)" and Vermeulen (1990) 
P.ango7ensis is a light demanding species. Although it may 
persi st in moderate shade· it is 1; kel y to stagnate. On the 
other hand, other authors cons; der that P. ango 7 ens ismay 
survi ve as a suffrutex ; n shade condi t ions for a number of 
years and is able to form a permanent shoot once condi t; ons 
improve (Boaler andSch;wale 1966) 
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6.4 Frost 
While high temperature may cause P. ango7ensis to produce 
leaves early, frost may havedet ri mental effects. Low 
temperatures appear to affect 'younger . plants in particular, 
causing them to di e-back. 01 der growth does not seem to be 
affected as severely, although pe~iodit damage may occur 
(Groome et a7. 1957b). 
7.' REPRODUCTION AND DEVELOPMENT 
7.1 Fruit and Seed 
Flowers are po'll i nated by insects (Chi 1 des 1989'), to produce 
one to six pods from a raceme. Each pod is covered with spiny 
bristles and surr6unded by an orbicular wing. The e~tire fruit 
is between 50-150mm in diameter ,(Vermeulen 1990), and carried 
on a stalk about 10mm in length. (S~e Figure 5) 
The-wing provides the fruit with an excellent gliding ability; 
dust-devi 1 s may carry them up to 3km (Groome et a 7. 195 7a) . 
Most fruit, however, do not travel more than about 30m from 
the parent tree (Vermeulen 1990), so .that the heaviest fruit 
deposi ts occu r a.round the trees wi th the 1 argest crops (von 
Breitenbach 1973). 
Generally, pods are detached from the parent tree in the late 
dry season or early wet season (von Breitenbach 1973) by wind 
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(Vermeulen 1990), but may also be beaten down by rain (Groome 
et a7. 1957b). 
'. . .~ .. 
Figure 5. The fruit of Pterocarpus ango7ensis; actual size 
(by S. Irlich, 1995). 
Fi re is known to remove the wi ng and hai rs and to bri ng the 
fruit into contact with the ground, if they have been lodged in 
brush or grass (van Daalen 1991). 
Trees only produce fruit after 20 years (Vermeulen 1990). This 
del ay is possi bl y i nfl uenced by the, suffrutex stage through 
which the species develops before it produces its first 
permanent shoot. It is, however, not clear if Vermeulen 
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calculates the age of the tree from time of germination of the 
seed, or as the age of the permanent shoot. 
The si ze of frui t crops is ,correl ated wi th the degree of·' 
r 
openness of the stand. Trees established on recently abandoned 
cultivat~d lands bear particularly heavy crops (Vermeulen 
1990). (Von Breitenbach ( 1973 ) considers 200-400,fru i t per 
tree to be a heavy crop.) The 1 arge crops produced in open 
area~ not only emphasize the light requirements of the species, 
but a 1 so have other important eco 1 ogi. ca 1 imp 1i cat ions. These 
will become evident later in the text. 
7.2 Seed Release and Germination 
Pod openi ng appears to be induced by repeated wetting and 
drying in the later part of the rainy season, or after' 
commencement of the followin~ wet season (von Breitenbach 
1973). Groome et a7. (1957b) also suggest that the moisture is 
conserved belo'vJ pods detached by rai n whi ch attract termi tes 
who' wou 1 d then crack the hu 11 . Vermeulen (1990) assumes, 
however, that termites remove only the wing and bristles but do 
not open the fruit. 
Von Brei tenbach IS observat ions i ndi cate that the pods of' P. 
ango 7 ens is do not open before the f'i re· season commences in 
contrast to 'other woodl and speci es. This provides the species 
wi th a compet it i ve advantage over others wh tch are prone to 
·fire damage. 
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P. ango7ehsis rarely produces more than one seed per pod, 
although this may change with location (Vermeulen 1990). 
Germ; nat i on of the seed is ep i geal (Vermeu 1 en 1990) and is 
est i mated to requ i re two weeks (Gel denhuys 1975) i mmedi ate 1 y 
after the pod has opened (Vermeulen 1990). 
Fire has been found to enhance germination under natural 
conditions (Geldenhuys 1975, van Daalen 1991), although this 
i nfl uence is dependent on the i ntensi ty of the fi reo Very 
intense fi res have been found to reduce the vi abi 1 i ty of the 
seed, whereas 'cool' fires have very little influence on 
germination at all (van Daalen 1991). 
Nursery observations indicate that P. ango7ensis germinates 
best wi thout shade (Groome et a 7. 195 7b) . Together wi th the 
observations reported by von Breitenbach (1973) and Vermeulen 
(1990) regarding the relationship between fruit crop and 
stand density - the heavy fruit crops produced in open areas 
would provide the sp~cies wi~h a greater chance fo petsist in 
open stands. 
Competition for water will also be less between woody plants in 
open stands once the seedl i ngs are estab 1 i shed.. In it i all y 
however,competition with the herbaceou~ vegetation is likely 
to be high with a concomitant mo~tality. 
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Once the pod is detached from the parent tree the seed rapidly 
loses its viability (Groome et a7. 1957a,Vermeulen 1990). 
Although G~ldenhuys (1975) estimates the limit of viability of 
the seed at 1 to 2 years, Hilbert (pers. com.) has ~uccessfully 
germi_nated fi ve year old seed. He di d not i ndi cate how the 
seed was stored. 
7.3 Establ;shment 
Vermeu 1 en (1990) notes that seedl i ng establi shment is closely. 
related to the amount of rain. Seedlings are, however, subject 
to a hi~h degree of mortality wh~ch may be caused by a ~umber 
of factors. These include fire, nutrient deficiencies, damage 
by animals"and intra- and inte~specific 60mpetition (Vermeulen 
1990). The available literature indicates that such 
competition is primarily for water. This is further supported 
by Groome et a7. (1957b) who state that drought is a cause of 
mortality. this in turn cor~oborates Vermeulen's report 
regardi ng seedl i ng estab 1 i shment in -re 1 at i on to ra i nfa 11 ; 
In the establishment phase the seedling d~velops a tap root of 
between 45 and 90cm within the first growing season (von 
Brei tenbach 1973). Thi s taproot then th i ckens to a depth of 
60cm and then tapers off rapidly. 
Seedlings quickly enter a suffrutex stage which usually 
continues for a number of years. During this period the plant 
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produces shoots whi chreach a height of between one and two 
meters each growing season. These die back in the subsequent 
dry season to a depth of about .2"'-3cm below the surface (von 
Breitenb~ch 1973), thus eff~ctively protecting the growth 
, . 
p01nts against dry season fires. 
The period of annual die-back continues for a period of around 
10 years. Du I" i ng th is time the root-system deve lops' to ah 
extent ,wherei t may collect sufficient water and nU.tri ents to 
support a permanent shoot through the dry seaSon (von 
Breitenbach 1973, Vermeulen 1990). 
Finally, open stands are generally associated' wi th a dense 
herbaceous cover. These in turn give rise to a higher 
likelihood of fire (Heikkila et a7. 1993). In this instance 
the higher fire tolerance of P. ango7£?nsis, as well as its 
suffruticous behaviour provides the species with a competitive 
advantage over other woody species. 
7.4 Development 
Growth rate and ultimate tree size are strongly genetically 
controlled (Vermeulen 1990), although development is otherwise 
hi gh 1 y dependent on envi ronmenta 1 . factors. Final tree height 
is for instance di rect 1 y related to the product i vi ty of the 
site (Vermeulen 1990). 
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General.ly, a tree will reach its full crown diameter in the' 
th i rdorfou rth decade (von Breitenbach 1973 ) It is, however, 
not clear if von Breitenbactl calculates. from year of 
'germination or from the year in which the permanent shoot was 
formed. No clear relationship between age and crown diameter 
has been established thus far (Vermeulen 1990). 
The lateral roots ofa fully grown canopy-tree will spread over 
an area greater than the reach of the crown, to a diameter of 
15 to 20m, in the uppe,r 30 to 60cm of the soi 1 . Numerous 
lsi nkers I are' sent down to a depth of about 2m (Vermeulen 
1990). 
8. MORTALITY 
Whi 1 e the pl ant is in the seedl i ng stage it is most prone to 
damage by ani mal s. Large mammal s browse on' the young leaves 
and wild pigs have been known to dig up entire plants to reach 
the fleshy tap-root (von B~eitenbach 1973). Van Daalen (1991) 
also indicates that grazing pressure can have detrimental 
effects on seedling survival. It is not clear from his text 
how this is caused, i.e. through physical damage or in"direct 
causes. Later, trees may be damaged by el ephant whi ch are 
reported to chew the bark (Groome et a7. 1957b). 
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Very high fire 
deve 1 opment· and 
f~equencies are also known to cause the 
enl argement of fi re 1 esi ons on the trunk of 
trees, causing them to collapse. 
the approxima~e sequence. 
9 .. FIRE TOLERANCE 
Photos 3, 4 and 5 illustrate 
Apart from the stimulating effect that fire has on seed 
germination, fire plays an important part in the maintenance of 
the P. ango7ensis population asa whole. 
While the st~ategy of annual die-back and re-growth may protect 
the se~dling from fire damage, annu~l burning retards the 
development of pl~~ts from the suffrutex to sapling stage 
(Vermeu 1 en 1990). On 1 yonce it has reached the sap 1; ng stage 
may the species benefit from its higher fire resistance. 
This is somewhat in contrast to the description of von 
Breitenbach, who considers the suffruticous behaviour to be a 
pro t e c t ion me c han ism g ua r din g . a g a ins t f; red a mag e . I t m u s t , 
however, be co-nsi dered that the shoots rema in standi ng after 
they have died off; thus providing a fire bridge to the below-
ground parts. 
The saplings themselves may tolerate fire temperatures of 
between 400°C and 450°C, whereas most other woodland species 
di e at lower temperatu res. The removal of compet i tors wi 11 
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a 11 Ow sap 1 i ngs to". obta in greater· benefi t from the subsequent 
ash-bed effect (Vermeul~~ 1990, von Breitenbach 1973). 
Geldenhuys (1992) observed a high stem density of smaller 
classes of P. ango7ensis (as well as Burkea' africana) in 
Kavango, northern Nami bi a. Thi s he attri buted to the hi gh 
frequency of moderate fires in the region. 
The superior fire tol~rance also assists thespeci~s during the 
co 1 on i sati on of open areas. The development of herbaceous 
vegetation'i s favoured in such areas, 1 eadi ng to a 
correspondingly higher fire frequency and lntensity. The large 
fruit crops that von Brei tenbachand Vermeul en associ ate wi th 
trees in such areas, also increase theli kel i hood of 
recruitment. 
On the other hand, fire seems to be the rna i nfactor whi. ch 
prevents the re-establishment of felled areas from coppice 
regrowth (Vermeu 1 en 1990). The th inn i ng of the canopy as a 
resul t of. fell i ng may 1 ead to an increase in the herbaceous 
vegetation with a subsequent increase in fire intensity. These 
speculations require verification, however. 
Vermeul en (1990) reports that shoot gr-owth is enhanced if the 
herbaceous vegetation i sremoved by fire. In view of the 
discussions in Part 3 of this study, this effect is considered 
to be the result of a number of factors or combinations 
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thereof. These include reduced comp!9t it i on for water as a 
direct resu 1 t of the·· removal of the herbaceous 1 ayer (after 
Walker and Noy-Meir 1982) or changes in nutrient status of the 
soil such as found by Knoop (1982). 
10. MANAGEMENT CONSIDERATIONS 
Vermeulen's review of the species provides a summary of 
management strategies which hav~ been propoSed by various 
authors. It is not evi dent if any of these strategi es have 
been imp1 ementedor tested s'uccessfu11 y. The silvicu1tural 
treatments presented by Ve~meulen generally refer to countries 
with higher rainfall . 
. Wh.i 1 e P. ango7 ens is. i s reputed to have ali fe expectancy of 90-
100 years (Vermeulen 1990), the difficulty of determining the 
age of the trees presents one of the most important limitations 
to thede~elopment of management programmes. According to Van 
Daalen et a7. (1992) the tree forms false growth rings which 
limit the usefulness of ring counts. Additionally, a large 
proportion of the tre~s iri Namibia are hollow (pers. obs.). 
Observations of diameter-class distributioris in sample plots in 
Tanzania and Mozambique indicate that stands are probably even 
aged (Groome et a7. 1957b). Considering the site requirements 
of P. ango7ensis, as well as the difficulty with' which the 
species is able to establish itself under other trees this is 
probable. 
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The (re-) establishment of felled areas provides further 
difficulties for active management. Vermeul en (1990) reports 
that propagation of seedlings or cuttings in nurseries is 
extremely difficult, and survival rates of seedlings which have 
been planted out are low. He speculates that this is probably 
due to the development requirements of the root system. 
Vermeu 1 en does not i nd i cate any assoc i at i on wi th mycor rh i za. 
Such a relationship does exist, however, according to the 
National Tree Seed Programme (NTSP), Tanzania (NTSP 1995) 
Photo 6. Coppicing 
felling. 
P. ango7ensis stump 
(F.P. Graz, July 1993) 
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Coppicing may be an alternative to regenerate the species in 
the field,since P. ango7ensis is a persistent coppicer 
especially in the seedling and establishment stages. However, 
th is regenerat ion st rategy is not re 1 i ab 1 e enough for timber 
product i on un 1 ess fire cont ro 1 is implemented (Groome et a 7. 
1957b). 
The management proposals presented by Ve~meulen (1990) indicate 
that management shoul d concentrate on coppi ce and suffrutex 
management. Such management cou 1 d inc 1 ude fire protect ion, 
protection from animal dam~ge, or transplanting suffrutex 
plants in the field. 
In addition, condition~ which provide the ~pecies with a means 
to seed out in the field should be encouraged. Such ma~agement 
may be required to concentrate on fire control, but would also 
need to consider the thinning or clearing of woodland areas. 
Land clearing would reduce competition and benefit the 
establishment of seedlings (Erkkila and Siiskonen 1992». 
,11. MANAGEMENT OF Pterocarpus ango7ensis IN NAMIBIA 
Due to the 1 i mi ted knowl edge of P. ango 7 ens is in Nami bi a none 
oft h e s i 1 vic u 1 t u r alp r act ice sci ted by Ve r m e u 1 en (1 990 ) h a v e 
been implemented. Also, the forestry sector has had a very low 
priority in the past, and only a few resources were made 
ava i 1 ab 1 e. Research on the deve 1 opment . of coppice shoots in 
the Bushmanland area had been initiated in the late 1980's but 
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was termi natedi n 1994 when resources were withdrawn (Hilbert 
. pers com). 
There is no current i nformat i on- on the growi ng stock of P. 
ango7ensis in Namibia, althoug~ some estimates have been made 
in the past. I n ant i ci pat i on of a more deta i 1 ed forest 
inventory the veg~tation in the north of the country is 
currently being mapped using satellite image maps. However, 
during discussion with mapping team me~bers it became evident 
that the desi gnat i on of speci es was not very accurate in the 
fi rst phase of the proj ect, wh i ch covered the most important 
wo'odl and areas . 
Despite the lack of knowledge abo~t the current status of the 
species,exploitation is continuing while the inventory is in 
progress. 
Cu rrent 1 y a tota 1 of about 7000m3 of roundwood is harvested 
annually for sawtimber inCaprivi, Kavango and Bushmanland.On 
average recovery to sawn wood is about 40% (v. d. Berg pers. 
com. 1992, Orr. pers. com. 1992). Further quantities are 
harv~sted for carving and carpentry for the tourist industry. 
The illegal exploitatlon cannot be quantified, but is assumed 
to be high. 
Harvesting quotas for the saw mills in Katima Mulilo, Rundu and 
in Bushmanland are given in terms of a harvestible area and an 
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estimate of standing volume. Vo 1 umeest i mates based on a 
reconnaissance survey in some parts of Bushmanland in 1989 
indicate a periodic allowable cut of 600m3 per 100km2 (Hilbert 
pers. com.). However, the distribution of P. ango7ensis is 
patchy (pers. obs.) and quotas must be adjusted accordi ngly. 
Hilbert (pers. com.) suggests a rotation of 50 years. 
Fell i ng quotas for the informal sector are granted in numbers 
of trees,and volumes are not recorded, 
Trees' are felled selectively. Selection is based on diameter 
rather than age . Th, s system was first implemented in the 
1960·s (Hilbert pers. com.). In accordance with the specified 
procedures only trees with' a diameter _ exceedi ng 45cm may. be 
cut. Where mu lt i-stemmed trees are encountered , fell ers are 
required to leave at least half of the stems standing. 
It is not clear on what criteria the minimum diameter was based 
(Hi 1 bert pers. com.). "The ease wi th whi ch the system may be 
implemented and controlled has made it very attractive. 
However, this selection system may result in the equival~nt of 
local clear-felling, as was seen in parts of Bushmanland. This 
is consistent with.the findings' of von Breitenbach (1973) in 
Caprivi and with regard to site dependent grciwth rate and 
ultimate s·ize of trees, and the diameter distributions reported 
by Groome et a 7. (195 7b) 
38 
Stellenbosch University  https://scholar.sun.ac.za
PART 3. AN OVERVIEW OF SAVANNA WOODLAND ECOLOGY 
12. FACTORS WHICH DETERMINE VEGETATION STRUCTURE 
12.1 Soil Moisture Balance 
Eagleson and Segarra (1985) assume that the soil moisture 
balance is the single most important factor which controls the 
formation of the savanna system. Factors such as fire, 
herbivory and human influences are only regarded as modifie~s. 
Their approach to the ecology of the s~vanna ecosystem is based 
on the, competition for soil water bet~een members of a species, 
between speci es, and between growth forms. The di scussi ons of 
Wa 1 ker and Noy-Mei r (1982), wi th respect to the compet it ion 
between woody and herbaceous vegetation~ are of particular 
importance. 
Walker and Noy-Meir divide savanna soils into two layers on the 
basis of the vegetatio~ component they support; the upper layer 
primarily supports the herbaceous and the lower layer the woody 
vegetat ion ,. 
They state, however, that this subdivision ;s oversimplified 
since the woody vegetation also uses the upper soi 1 layer' and 
some grass speci es send thei r roots into the lower. 
Neverthel ess the div; si on of the soi 1 i rito 1 ayers is a useful 
conceptua 1 too 1 in under standi ng the funct i on of the savanna 
system. 
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While Walker and Noy-Meir are referring to Acacia savanna their 
simplificati6n is supported by Knoop (1982) and Knoop and 
Walker (1985) for broad-leaved Burkea africana / Ochna pu7chra 
savanna. 
From the descri pt ions 
(1982) and Knoop and 
by Wal ker - and Noy-Mei r (1982), Knoop 
Walker (1985) it- is evident that the 
rooting st r.ategy ofi nd i vi dua 1 vegetation components (species 
or growth form)' determi nes thei r abi 1 i ty to survi ve wi thi n a 
given plant community. The significance of individual 
components or species vary, however, as environmental 
conditions favour one or another rooting strategy. The effects 
of modi fyi ng factors such as herbi vory or fi re must al so be 
borne in mind. 
Yeaton (1988) and Smith and Grant (1986) considered that 
shallow root systems provide an individual with access to soil 
moisture from light rains. Although these authors 'were 
referr; ng pr; mari 1 y' to trees ; t may be assumed that grasses 
will have a similar advantage under such circumstances. 
Goldstein and Sarmiento (1987) on the other hand, point out 
that the so; 1 wi 11 dry out in. the dry season from the top 
downwards. Shallow rooted plants must· therefore be ab 1 e to 
cope wi th wi de 1 y varyi ng soi 1 moi sture condi t ions. Plants 
which develop deeper-reaching root systems may continue to grow 
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longer into the dry season, provided that water is av~ilable 1n 
the lower-lying soil layers. 
The woody vegetation would therefore dep~nd primarily on 
heavier or more frequent showers which allow water to penetrate 
to the lower soi 1 1 ayer. This does not mean that woody plants 
show an immediate increase in 'growth rate when rainfall is 
high; the reaction is delayed (Walker et-a7. 1981) by the time 
needed for water to reach the appropriate soil depth. 
The ability of grasses to compete for water in the uppe~ soil 
J 
layer has particularly strong implications fOr the 
establish~ent of woody seedlings (Ska~pe 1990) which must 
develop a large root system in order to obtain sufficient water 
to survive several months of dry season (Trapnell 1959). Hi gh 
herbaceous vegetation densities would therefo~e be expected to 
retard the establishment and development of the woody component 
by restricting its access to water. 
Under conditions of high potential evapo-transpiration, as 
preva 1 ent in the' study area, photosynthes is and t ranspi rat ion 
may continue at high rates until the plant available soil water 
is dep 1 eted. (Below thi s poi nt the rates of both decl i ne 
(Scholes 1990». 
In view of the implications which soil moisture has for the 
development of the vegetation, the actual effect will be 
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modi fi ed . by those factors whi ch ; nfl uence· the so; 1 mo; sture, 
balance, either directly or indirectly. 
Soil pr6perties such as texture and water holding capacity must 
therefore be rega~ded as important factors, although the latter 
is strongly influenced by the former (Weber and ~toney 1986). 
Organ i c matter content a 1 so increases the soi 1 water ho 1 di ng 
capacity, but this factor is considered separately. 
A higher water loss to evaporation must be expected from heavy 
textured soi1s, as a result of higher run-off and evaporation 
(Scholes 1990) due to retarded infiltration. Sandy soils, on 
the other hand, ,allow rapid penetration of water into the lower 
.. soi 1 1 ayers (Knoop 1982). 
Geldenhuys (1977); for instance, suggests that thickets can not 
develop near Rundu (Northern Namibia) as water is unable to 
percolate to lower-lying soils because of poor drainage. 
Addi tiona 11 y, Scott and Schu 1 ze (1992) found that fi re 
liberates hydrophobic substances which may form a water 
repellent band in the soil, effectively reducing infiltration. 
If ~uch substances are distiled on to individual soil particles' 
the water binding capacity of such soil is reduced. 
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12.2 Climate 
The effect of climate on the dry savanna woodlands is primarily 
due to its effect on the soil water balance. Rainfall and the 
effect of temperature are of particular interest. 
The effect of wind is also 
di spersa 1 of seed, as well as 
important during wind-borne 
because of. its i nfl uence on 
evapo-transpiration and fire behaviour. 
12.2.1 Rainra77 
A primary characteristic of rainfall in savanna type systems is 
its seasonality. Rain falls in one or more well defined wet 
season followed by an equally well defined dry season 
(Goldstein ~nd Sarmiento 1987). 
As stated previously, precipitation is the most important 
determinant of soi 1 moi sture. Its effect must be consi dered 
both in terms of its quantity and its distributio~ over time. 
The depth to which water infiltrates into the soil is 
influenced by the amount of .. water which remains after 
evaporat i on from the .soi 1 surface. 
instance that in years of above 
occurred down to bed-rock (> 4m), 
Knoop (1982) found for 
average rainfall, wetting 
whi 1 e water fi 1 tered to a 
depth of less than 130cm during a drier 0et season, even in the 
absence of a herbaceous layer. 
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A sha 11 ow root system therefore allows a p 1 a,nt access to soil 
moi sture even from 1 i ghter rai ns. Accordi ng to the model. of 
Walker and Noy-Meir (1982) this would apply primarily to the 
herbaceous vegetat i on component. Lubke (1986) observed that 
the herbaceous plant cover is more str6ngly influenced by 
fluctuating rainfall than are other vegetation co~ponents. In 
addition, O'Connor (1994) found that parameters such as 
abundance of grass, pl ant basal area and mortal i ty were more 
responsive to rainfall variability than to grazing. 
According to Knoop and Walker (1985) competition for water 
between woody and herbaceous vegetation is most severe in years 
of intermediate rainfall. They maintain that during a dry 
year, water will be intercepted by the herbaceous plants before 
it reaches the lower soi 1 1 ayers. . On the other hand, in very 
wet years the herbaceous 1 ayer wi 11 have comparatively 1 itt le 
effect, so that sufficient water becomes available to the woody 
plants. 
Skarpe (1992) suggests thai water supply controls the duration 
of the growth period, while nutrients control the growth rate. 
Gourlay and Barnes (1994) in turn found a correlation between 
growth ring width and annual rainfall of the preceding year. A 
de 1 ay in the effect' of ra in on growth is expected due to the 
time required for the water to filter to the root zone of woody 
plants. 
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In the total absence of a herbaceous layer all water 
infiltr·ating the first layer of soil is potentially available 
to the woody vegetation. 
Rainfall also has indirect effects on vegetation development. 
Si egfr; ed ( 1981) found in Etosha that seasons of well -above 
normal rainfall were followed by a relatively high incidence of 
fires; probably as a result of the higher amount of biomass 
made available as fuel. The spatial distribution of rain also 
affects the movement of herbivorous animals, whi6h select areas 
that have recei ved ra in, and avoi d those that have not. The 
effect of herbi vory on the savanna vegetat ion is di scussed 
later. 
Few references to the effect of temporal di stri buti on of rai n 
on soil moisture were found. Authors primarily referred to the 
total amount of rain, or average rainfall when assessing its 
importance. This is probably as a result of the long 
observat i on per i ods requ i red before a' mean i ngfu 1 ana 1 ys is of 
temporal distribution of rain can be carried out. 
Barbour eta7. (1987) state that the seasonal distribution of 
rain determines the amount of - water available to the 
vegetation, and compare the development of different vegetation 
types in the presence of different rainfall regimes. 
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The following additional inferences can be made. 
Schole's (1990) findings regarding the duration and rate of 
evapo-transpi rat i on by grasses are of part i cu 1 ar importance. 
Rain will only be of advantage to the woody vegetation if the 
i nf il t rat i on rate is greater than the rate of evapo-
t ranspi rat i on of the herbaceous component. Both, short, heavy 
rains as well as long, light rains should allow moisture 
penet rat i on to the lower soi 1 1 ayers. It shou 1 d be noted, 
however, that short heavy r,ains- are likely to result in ,a 
comparatively high run-off and therefore reduced infiltration. 
This depends on the texture of the soil. 
12.2.2 Temperature 
,The effect of temperature or) components of savanna woodlands 
has received little attention. Only a few indirect references 
were found. 
As'reported earlier, Geldenhuys (1977) and Childes (1989) 
'suggest that flowering of P. ango7ensis and B. africana' is 
stimulated by temperature. 
While the influence of temperature on evapo-transpiration must 
be considered, as well as its effect on fire danger (Heikkilae 
et a 7. 1993) further review of the effect of temperature was 
found unnecessary. 
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12.2.3 Wind 
No reference waS found concerning th~ significance of wind in 
savanna ecosystems. 
The effect of wind on transpiration rates and evaporation have 
previously been discussed by Barbour et a7. -(1987) in general 
terms. 
Wind plays an important role in the distribution of seed. 
Woodland trees which. h~ve their seed distributed by wind 
include Pterocarpus angoJensis (Vermeulen 1990), various 
CQmbretum species (Carr 1988) and Termina7ia sericea (Yeaton 
1"988) . Personal observations indicate that Burkea africana 
seed is also carried by wind. 
In addition, the effect of wind on fire-behaviour must be kept 
in mind. High wind velocity results in a higher fire danger as 
well as higher fire intensity. 
12.3 Competition 
12.3.1 Light 
The bverall importance of light for the growth and develbpment 
of plants has been discussed elsewhere and will not be 
discussed here in detail. (See Grime and Jarvis (1975) for 
discussions On the effects of light on the germination of seed, 
growth and development.) 
47 
Stellenbosch University  https://scholar.sun.ac.za
The quantity of light within the woodland environment plays an 
important part in the development of individual plants as well 
as in the species compositio~ and structure of the woodland as 
a whole. Accord i ng to van der Meu 1 en and Werger (1984) the 
availability of light at ground level in woodlands is primarily 
determined by the tree 1 ayer, whi ch intercepts the i ncomi ng 
sunl i ght. They found that the amount of 1 i ght transmi tted 
through a tree can6py decreases with an ihcrease in the number 
of layers through which the light passes. 
The amount of light determines which species are able to 
e~tablish themselves. Yeaton (1988 ) found, fori nstance, that 
Burkea africana is able to establish itself under other trees, 
while Termina7ia sericea is apparently suppressed by shading. 
P. ango7ensis also requires light, although individual plants 
may persist in moderate shade (Groome et a7. 1957b). The three 
species occur within th~ study area. 
Light al~o plays a significant role in the development of the 
herbaceous 1 ayer. Lawton (1978) and Skarpe (1991) have shown 
that grasses grow more sl owl y if they are shaded by trees. 
This has implications for the 
within the woodland, as well 
areas for grazing. 
incidence and severity of fire 
as sui tabi 1 i ty of the woodl and 
In addition, the suppression of the herbaceous vegetation will 
increase the amount of water reachi ng the lower soi 1 1 ayers 
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which wi 11 favour the development of deeper rooted (woody) 
plants. 
12.3.2 Nutrients 
Knoop (1982) found that woody pl ant growth was enhanced i-f the 
herbaceous layer waS removed. Although it may be expected that 
thi s woul d be as a resul t of a change in" soi 1 water 
availability, Knoop presumed that it was·a result of increased 
nitrate levels in the soil. 
The higher nitrate levels were, however, only observed 
i ni t i all y, after the herbaceous vegetat i on component had been 
removed. Similarly Ruess (198j) reported increases in nitrogen 
and phosphorus in the soils of graz~d areas. 
13. FACTORS WHICH MODIFY VEGETATION STRUCTURE 
13.1 General 
While soil moisture is the most important determinant of 
vegetation structure and its developmentithe effects are 
m9dified by a variety of other factors. 
Walker (1987) describes the savanna as an event driven system 
in which rainfall and fire play major roles. In the presence 
of such infl uences Wal ker regards other, modi fyi ng factors t.o 
be of secondary importance. Hochbe~g, Menaut and Gignoux 
(1994) also recognize that changes in fire and herbivory 
regimes cause changes in vegetation structure. 
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Walker (1987) assumes that the importance of events and 
modi fi ers are rel ated to the spat i al and temporal scal es at 
whi ch the system is vi ewed. A 1 though the system may seem 
highly variable over a period of only a few years,- it may show 
stability over a longer period. 
13.2 Land Use 
13.2.1 Herbivory 
While"this text distinguishes between the impact of herbivory 
and fi re on the deve 1 opment of the savanna woodl ands, thei r 
effects are combined under natural conditjons (Siegfried 1981)~ 
The term herbi vory is used here to mean the" reduct i on or 
removal of the above ground "biomass of "herbaceous plant 
material by either domestiri or wild herbivores. 
According to Walker et a7. (1981)· and Ruess (1987) light 
grazing may stimulate grass growth, and lead fo a higher grass 
," 
biomass. Such increases are due to the induct; on of till er 
formation of perennial grasses. 
Heavier grazing, on the other hand, causes a decrease ;~ grass 
production, or even, under very heavy grazing pressure, the 
death of individual plants. The threshold between 1 i ghtand 
heavy grazing is not specified by Walker et a7. (1981) or Ruess 
(1987) 
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Grazin~ pressure needs to be viewed in terms of the ability of 
grass pl ants to recover from the damage caused· by grazing. 
Under conditions which support-fast growth plants may withstand 
a higher pressure than they would otherwise. 
A reduct; on of herbaceous cover as a result of heavy grazi ng 
may cause a shift to ·greater densiti~s of woody plants (Knoop 
and Walker 1985) due to higher wat~r infiltration. 
Wi 1 d spec i es and domest i eli vestoc k can be expected to have 
different effects on the vegetation because of difference~ in 
the timing, intensity and duratio~ of grazing. 
Livestock, unlike wild h~rbivores, is 6~ten provided with 
supp 1 ementary resources, such as water, and usua 11 y. protected 
from natural mortality. Also, the movement of domestic animals 
is restri cted for management purposes by. barri ers or herders, 
thus preventing migration in response to vegetation change. 
Acctirding to Skarpe (1992) perennial grass plants may b~ 
affected adversely by the continubus presence of grazing 
animals. (Skarpe did not inditate clearly at what grazing 
pressure continuous grazing would have adverse effects.) 
The effect of grazing is especially important in an environment 
with variable rainfall. Temporary droughts may change 
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perennial vegetation into one domi nated by ephemerals. 
Excessive grazing may slow or prevent the redevelopment of the 
perennial vegetation component once tainfall increases (Skarpe 
1992) . Si mi 1 ar observat ions were recorded by Pandy and Si ngh 
(1992) who found grazi ng i ntens i ty to be more important· than 
raiMfall in determining the variability of live shoot biomass. 
On the other hand, grazing reduces ~lant transpiration and thus 
conserves soil water (Ru~ss 1987). 
From the . fi n din g s of S k a r p e . ( 199:2 ) and .Ruess ( 1 987 ) it i s 
evident that the woody plant component will benefit by grazing 
duri ng a dry year, since more water is made ava i lab 1 e (after 
Ruess) and the perenni a 1 herbaceous vegetat i on component is 
disadvantaged (after Skarpe). 
Van Daal en et a 7. (1992) report that grazi ng pressure may have 
a detrimental influence on the survival of P. ango7ensis 
seedl i ngs. The authors di d not, however, substant i ate th is. 
The suffrutex plants may be partially defoliated through 
browsing or subject to other physical damage. In addition von 
Brei tenbach (1973) reports that bushpi gs may di g out the 
seedlings because of the fleshy tap root. 
A further effect of grazing is the accelerated cycling of 
nutrients. Ruess (1987) provi des an ext ens i ve revi ew of t h; s 
field. He reports that the distribution of dung or urine by 
wild animals as well as domestic stock (Ruess cites sheep) 
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causes nutrient transfer between habit~ts. Domestic herbivores 
cause similar cycling ot nutrients; in particular they cause 
the concentration of nutrients in overnight kraals and at 
watering points, and a corresponding reduction of nutrients in 
day camps.1 
13.2.2 Cu7tivation 
The effect of cul t i vat ion on the development of the savanna 
wood 1 and 'vegetat ion is discussed under sect ion 16 It Plant 
Succession". 
It must, however, be noted that the vegetati on consi dered in 
this study is usua)ly found on sandy soils which ate reportedly 
unsuitable for c~ltivation (Departm~nt of Water Affairs, 1971), 
13.3 Fire 
13.3.1 Fire Frequency 
Fire is an important modifier of woodland vegetation structure. 
Although some fires are still caused naturally, most are now a 
result of the actions of man (Lawton 1978, Siegfried 1981, 
Frost. and Robertson 1987) ei ther purpose 1 y or acc; denta 11 y. 
1 . I n the study area further di fferences in the effect of 
grazing by domestic animals and wild herbivores are caused 
through the effect of the grazing season. Dichapeta1um cymosum 
(Gifblaar) is a poisonous plant which occurs mostly at the foot 
of sand dunes (de Sousa, unpublished). During the late dry 
season this plant appear~ as the only green vegetation on the 
dune ridges and attracts domestic cattle, causing heavy stock 
losses. Farmers therefore prefer to use the dune camps during 
the rainy season, when the plant is less conspicuous. 
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Savannas have been subject to human use for at least 2000 
years, induced fire and wood collection having important 
impacts (Norton andWal~er 1985). 
The effect of fire manifests itself not only in the removal of 
organi c materi al but al so through the heat gi ven off. Whi 1 e 
the former has impl~cations for the frequency with which fire~ 
may occur and their intensity, the latter influences the 
structure of th~ affected plant population. 
Removal of the organic material and its mulching effect affects 
the soil moisture balance in the ,top soil. Also important, 
however, is the killing of smaller plants and their partial 
consumption during the fire. According to Trollope (1982) the 
effect of frequency of burni ng fs dependent on the degree to 
wh i ch plants are ab 1 e to recover in the i nterva 15 between 
fires. This effect is modified by fire intensity. 
Fi re affects di fferent species and si ze cl asses in di fferent 
ways, and plants may die as their fire tolerance is oVercome. 
The rema i ni ng., more res i stant pl ants, may survi ve and deve lop 
aggregat ions of fi re res i stant spec i es (Skarpe 1991, Hochberg 
et a7. 1994). It follows that size class .specific mortality 
may result in groups of plants which are of similar age. 
According to Rutherford (1981) many studies have found an 
increase in lhe number of basal shoots with an increase in fire 
54 
Stellenbosch University  https://scholar.sun.ac.za
frequency. These ensure" the survival of the individual plant 
if the above ground parts are killed or badly injured by fire. 
Coppi ci ng behavi our has been observed on a number of tr"ee 
species which occur ~n the study area (e.g. Pterocarpus 
ango7ensis, Burkea africana, Combretum zeyheri) , but the shoots 
are oft~n m6re susceptible to da~age by fire than the original 
stem. Where hi gh frequenci es of fi re are experi enced even 
coppi c i ng is not suffi ci ent to ensure the survi va 1 of 
individuals. 
Young~r trees are most prone to fire damage. Rutherford (1975) 
found, for instance, that even infrequent fires ~ay kill Burkea 
africana trees up to 4m in height, while larger trees are not 
as seriously effected. Vermeulen (1990) found that P. 
ango7ensis seedlings and suffrutexes are more ea~ily damaged by 
fire than are saplings 
Mortality of larger trees may be caused by fire lesions which 
develop on their trunks (Trapnell 1959) and increase in size at 
each burn. This has been observed on P. ango7ensis trees in 
"the study area, a 1 though the speci es is regarded as 
particularly resistant to fire (Vermeule~1990, von Breitenbach 
1973). 
Generally, the absence of fire appears t6 result i~ an increase 
in density of woody plants (Lubke 1986), while the cumulative 
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effects of annual fires produce an open woodl and and fi· nall y 
savanna grassland (~alaisse et a7. 1975). 
The frequency at which fires occur i~ largely dependent on the 
available fuel, or rather the rate at which fuel is able to 
accumu 1 ate between fi res. Siegfried (1981) found in Etosha 
that seasons of well~above normal rainfall were followed by a 
, 
r e 1 at i vel y h i g h i n ci den ceo f fir e s , pro b a b 1 y a s are s u 1 t 0 f a 
greater quantity of available fuel, especially grass fuel. 
If an area is protected against fire or is subject to a lower 
fire frequency, dead organic material is able to build up 
(Mitchell and Freeman 1993). When a fire does eventually occur 
in such areas the accumu 1 ated 1 i tter wi 11 often resul tin 
greater damage (Tra~nell 19~9, Geldenhuy~ 1977). 
13.3.2 Fire Intensity 
Fire intensity is defined by Trollope (1981) as the rate at 
which heat energy. is released during a fire, and i s 
significantly 'correlated with the rate of spread of the fi reo 
The faster the rate of spread, the higher the i ntens i ty. The 
. s i z e 0 f the f u eli n vol v e d a 1 sop 1 a ys a s i g n i f i can t role. 0 u e 
to their greater surface area p~r unit volume, small fuels will 
produce a higher fire intensity than will larger fuels 
(Heikkila eta 7. 1 993 ) . 
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The effect of fi re on vegetat ion is great 1 y dependent on the 
intensity of a fire (Trollope 1982), with more plants being 
killed by more intehse burns (Rutherford 1981). 
Damage by fire is less pronounced in aggregated stands than in 
scattered individuals. Thi sis as a resul t of the reduced 
deve 1 opment of the herbaceous vegetat ion (Skarpe 1991, Lawton 
1978), caused by a lack of light. Fire intensity may also be 
reduced through grazing (Skarpe 1992), which reduces the load 
tif smaller fuels. 
As i ndi cated prev i ou sly, prolonged absence of graz i ng and fire 
will result in a build-up of fuel. This causes a more intense 
burn when fire eventually does occur. Fir e i nt ens i t y i sal so 
dependent on the types of fuel which -have been able to 
accumul~te (Trollope ~982).2 
13.3.3 Fire Season 
According to Frost and Robertson (1987) the incidence of fire 
caused by lightning is highest at the start of fhe wet season. 
On the other hand, most fi res in the 1 ast few thousand years 
probably occurred as a result of the activities of man (Barbour 
2 With regard to the study area, a less luxuriant grass cover 
has developed on the dune ridges than in the streets, due to 
the poor water holding capacity and nutrient status of the dune 
soils (Department of Water Affairs, 1971). In addition, the 
vegetation in the western parts of the study area is. subject to 
grazi ng though onl y for parts of the year. Thi s retards the 
bu i 1 d up of sma 11 fue 1 s and makes the vegetat ion 1 ess subject 
to intense burns. (For a description of the dune vegetation 
refer to "Preliminary mapping of Vegetation") 
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et a7. 1987). Irrespective of the causes, however, fi~es occur 
p rim a r i 1 yin the dry sea s on 0 rea r 1 y wet sea son, sin c e f ue 1 
moisture is otherwise too high to support a burn. 
The effect of fi reo season as di scussed here r.efers to the 
t i mi ng of a burn wi th in the dry season. An early burn would 
the~efore imply a fire occurring shortly after the beginning of 
the dry season. 
Trapnell's (1959) evaluation of the Ndola plots in Zambia 
showed that continuou~ early burning permitted the formation of 
clumps of regenerat ion. These clumps shade out most of the 
grass to form self protected islands, as the reduced amount of 
grass fuels support fewer, less intense fires. 
Repeated late fires, on the other hand, open up the woodland, 
since the more intense fires cause heaVier losses among smaller 
trees and shrubs, and may even damage canopy trees (Trapnell 
1959) . The resulting increase in openness of stands will 
benefit the development of the herbaceous layer, thus 
increasing the likelihood and intensity of fires. This 
cumulative effect may eventuall~ lead to the total destruction 
of the woodland (Trapnell 1959).3 
3 As stated previously, the camps falling within the dune 
vegetation are utilized primarily during the wet season because 
of the occurrence of Gifb1aar.· This wi 11 reduce the amount of 
water removed from the top-soil by the herbaceous plant 
component, to the benefit of the woody plants (Rues 1987). 
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The effect of fire season is largely manifested .in a difference 
in fi re i ntensi ty, 1 ate burns are usuall y hotter· than those 
which occur earlier in the dry season (Rutherford 1981). Early 
burns therefore cause less damage to tree growth and 
regeneration than do late burns. At such time the woody plants 
are dormant (Lawton 1978), and most 1 y se.nescent 1 eaves and 
other dry materials are removed. 
At the end of the dry se~son, however, coppice-shoots and newly 
. emerged 1 eaveS wi 11 be damaged by fi re.- New coppi. ce growth may 
be burnt bac k to ground. 1 eve 1 and even the crowns of canopy 
trees may be damaged (Lawton 1978), if there is suffi c i ant 
fuel. 
To promote the formation of closed woodlands Trapnell (1959), 
Geldenhuys (1977) and Chidomayo (1988) propose that management 
burns are carried out as early as possible ~fter the end of the 
rainy seaS9n. 
According to Trollope (1982) the removal of the vegetation by 
fi.re in the dry seas.on may stimulate the, herbaceous layer to 
grow, leading to increased evapo-transpiration. Such growth of 
the herbaceous vegetation weakens the individual plants, since 
, 
; 
they use root reserves which would otherwise have been 
available at the beginning of the moist growing season. 
59 
Stellenbosch University  https://scholar.sun.ac.za
Ge 1 denhuys (1977) reported that regenerat i on of P. ango 7 ens is 
is significantly better if the undergrowth is burnt during th~ 
dry seascin, resulting in reduced com~etition for soil moisture. 
He did not indicate if timing of the burnwithin"the dry season 
was important. 
13.4 Fire and Soils 
Given the importance of the soil moi5tur~ balance on the 
development· of vegetation the influence of fire on soil 
properties is considered separately. 
In his assessment of the Capri vi, von Breitenbach (1968) 
considers soil condition to be a direct or indirect product of 
fire.and agricultural practices~ Since the study area is only 
marginally subj~ct to cultivation, the effects of pastoral 
f~rming and fire are relevant. 
The effect of fire on soil can be divided into two categories. 
Effects can be ei ther physi ca 1, such as the reduct ion in soi 1 
organ i c matter, or chemi ca 1 , such as changes in nutr i ent 
levels. It should be noted that changes in the soil chemistry 
may cause changes in the physical. propert i es of thesoi 1, for. 
instance by modi fyi ng the abi 1 i ty of soi 1 part i cl es to bi nd 
water. 
The changes in physical properties which are of direct 
importance are those which have direct or indirect bearing on 
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the soil moisture balance. According to Trollope (1982) and 
von Breitenbach (1968) frequent burning results in reduced 
water infiltration, possibly as a result of soil compaction 
(von Breitenbach 1968, Trapnell et a7. 1976). Although none of 
the above authors explain this phenomenon, Frost and Robertson 
(1987) report that loose particles may block pores between soil 
aggregates. 
A further effect of fire is the reduction in organic matter 
(Malaisse et a7. 1992), which wil.l ·cause a decrease in the 
water holding capacity of the soil, as we 11 as an increase in 
evaporation (Trollope .1982). Additionally, the stability of 
soil aggregates may be reduce~ (Frost ~nd Robertson 1987). 
Harri ngton. and Ross (1974) reported increases in. some soi 1 
chemicals. They found a marked increase in calcium and, 
phosphorous and a higher pH. Effects of annual burning 
treatments on the soil chemistry at Ndola ,(Zambia) were most 
marked for, soi 1 pH and readi 1 y extracted Phosphorus. Increases 
were greatest in the late burnt plots of the series (Trapnell 
et a 7 . 1976). Skarpe ( 1992) report s reduced nit rogen and 
sulphur levels as a result of frequent and intense fireS. 
Trapne 11 et a 7. (1976) interpret thi s effect of fi re in terms 
of th'e vegetation structure, since different plants give rise 
to different fuel compositions. The higher pH levels are 
caused by the ash remaining after fire. 
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Higher soi 1 pH has important imp 1 i cat ions for the uptake of 
water by plants. The increased ph lowers the osmotic potential 
of . water and subsequently make.s water-uptake more difficult 
(Grobelaar et a7. 1979). 
In general, however, the concentration of plant available 
nut ri ents in the soi 1 sol ut ion is i ncr-eased after they are 
released by fire. This increase is especially noticeable 
within the first month, and primarily affe-cts the upper soil 
1 ayers (Frost and Robertson 1987) and ; s therefore 1 arge 1 y to 
the advantage of the herbaceous vegetat i on component. Young 
regeneration of woody sp_ec; es wi 11 al so benef; t. 
An add; tiona 1 effect of f; re is the re 1 ease of hydrophobi c 
s~bstances from plant litter. These are translocated down i~to 
the soi 1 where they condense onto the soi 1 part i c 1 es, and may 
cause the formation of a water repellent layer in thesoi 1 
(Scott and Schulze' 1992). Such hydrophobic layers may even 
form on the surfaces of sandy soils (Frost and Robertson 1987) 
and affect the soil water balance. 
14. A SIMPLIFICATION OF THE SAVANNA.SYSTEM 
The di scussi ons of the determi n;,ng and modi fyi ng factors, as 
provided above,give rise to the development of the following 
si mpl i fi ed schemat i c representat i on of the savanna system in 
figure 6. 
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Figure 6. 
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A Simplification of the savanna system. 
The figure reflects the interaction between the woody and 
herbaceous vegetation in the system. According to the diagram 
two cycles are possible, i.e. one where the herbaceous 
vegetation is promoted, and the other which promotes the woody 
vegetation. Rainfall, herbivory, and fire are seen as the 
factors that determine the cycle which will be favoured. 
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15. ADAPTATIONS. 
Only the most important adaptations for plant survival within 
the dry savanna woodl ands wi 11 be dea 1 t wi th be low. Also, 
although the importance of wild animals is recognised, their 
effect wi 11 onl y be di scussed in terms of the adapt at ions of 
plants which have developed under their ihfluence. 
15.1 Regenerative Strategies 
Childes (1989) supports. the hypothesis that phenological events 
for plants w~ich occur on Kalahari Sand are correlated with the 
sever i ty of envi ronmenta 1 st resses (cues). Ch i 1 des i n'd i cated 
that leaf flush and flowering of some tree species, including 
B. africana and Termina7ia sericea, are synchronised with 
rainfall. Others seem to be cued by photoperiod,. such as 
Baikiaea p7urijuga. He discusses the advantages which various 
tree spec i es have as a resu 1 t of thei r response to var i ous 
stimuli, such as attracting pollinators or minimizing seed 
predation, 
Most of the species which occur in the dune type vegetation, 
including Pterocarpus ango7ensis (Groome et a7. 1957a), 
Combretum zeyheri (Carr 1988), Termina7ia sericea (Yeaton, 
1988, Childes 1989) or Burkea africana (personal observations, 
Ch il des 1989) seem to spec i ali ze in di spersa 1 th rough wi nd-
borne fru it, The fru it of these speci es have ei ther deve loped 
one or more wings (such as p, ango7ensis (Vermeulen, 1990) and 
Combretumspec i es (Carr, 1988) ) , or produce flat fruit 
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(Termina7ia species. B. africana (Co~ts Palgrave, 1983» to 
provide them with gliding ability. 
On the other hand. many 1 egumes, especi all y members of the 
genus Acacia, specialize ih mammalian dispersal, and have 
adapted thei r fru it and seed accord i ng 1 y (van der Pi j 1, 1982). 
Adaptations incilude smooth) hard seeds (which are resistant to 
damage during maStication) and nutritious- fruit. 4 
The difference in. dispersal agent may be a result 6f th~ poorer 
regeneration of grasse~ evident on the dune ridges. This would 
lead to a lower grazing potential and therefore reduced animal 
(herbivore) presence under natural conditions. Chances for 
animal dispersal of seed would therefore. be low. Further 
investigations in this regard are, however, beyond the scope of 
this study. 
Many of the woody speci es whi ch occur in the dry savanna 
woodl and system are ab 1 e to produce coppi ce shoots when the 
above ground parts are damaged or killed. Observations in this 
regard were made by various authors for a variety of species. 
Thesei nc 1 ude Burkea a fr i cana (Walker et a 7 •. 1986), Combretum 
zeyheri (Carr 1988) and Pterocarpus ango7ensis (Groome et a7. 
1957b) . Termina7ia sericea, Dichrostachys cinerea and Acacia 
4 These adapt at ions seem to be most prevalent in the st reet 
type vegetation in the study area (See 'Preliminary Mapping of 
Vegetation Types' for a description of the dune and street 
vegetation types.) 
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me17ifera also coppice vigorously (pers. obs.). While 
coppicing may be induced by the removal o~ the dominant stem, 
as seems to be the case with D. cinerea, B. africana or P. 
ango7ensis, Carr (1988) speculates that C. zeyheri produces 
shoots in response to unusually favourable weather conditions.' 
Trapnell (1959) on the other hand indicates that coppicing may 
be a response to nutritional factors in the early stages of 
establishment and root development, when seedlings are subje6t' 
to the combined effects of competition and water short~ge 
du.ring the dry season. 
Seed dispersal and coppicing are two modes by which species may 
persist in an area. The two strategies have different genetic 
imp 1 i cat ions. Reproduct i on by seed provides 'opportun ity for 
genetic diversification, coppicing ensures the persistence of 
existing genetic material within fhe area. 
15.2 Rooting Strategies 
A variety of authors (Smith and Grant 1986, Yeaton 1988, 
Vermeulen 1990) indicate that various woody species specialize 
in the absorption of water from specific soil layers. 
Termi na 7 i a seri cea has the bu 1 k of its roots at 12-23cm be low 
surface (Smith and Grant 1986, Yeaton 1988), Burkea africana 
at 50-60cm wh i 1 e Pterocarpus ango 7 ens i s forms 1 atera 1 roots at 
30 to 60 cm below ground from where numerous "sinkers" are sent 
to a depth of 2m (Vermeulen 1990). 
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Furthermore, rooting depth will 
a pl ant. responds to rai nfall . 
influence the speed with which 
Childes (1989) reports, for 
instance, that leaf flushing a~d flowering of a nu~ber of tree 
species which occur on sand, are cued by the increase in water 
ava i 1 abi 1 i ty after the fi rst ra ins. Sha 11 ow rooted plants wi 11 
therefore be able to respond more quickly. 
16. PLANT SUCCESSION 
In their studies Boaler and Sciwale (1966) recognised a 
particular sequence of events after cultivation of miombo 
(Brachystegi a spp.) woodl and areas. Although the two authors 
worked in an area with a different species composition from the 
study area, P. angolensis reportedly occurs. 
Boaler and Sciwale(1966) identified the following successional 
stages in an open area after cultivation: 
Pioneer Stage: Recently abandoned fields have a high 
production of tall grass. The grass biomass is higher than 
in untouched miombo and fires are therefore fiercer. 
From the literature reviewed under Section I it is evident 
that P. ango7ensis is more successful in establishing 
i tse 1 fin such areas· rather than in areas where it must 
compete with other woody species. 
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Thicket Stage: Thickets of woody saplings develop in which 
grass growth is much reduced or non-existent. These 
thi ckets reduce fi re i ntensi ty or may prevent fi re from 
entering such areas at all (Rutherford 1981). 
Developing Woodland: Tree densities are reduced as a 
result of competition between woody plants. This opens out 
the stand of woody plants and grasses re- invade. Si mi 1 ar 
obse~vations were made by Skarpe(1992). Fires are likely 
to become fiercer in response to the higher load of small, 
herbaceous fuel. 
Open Wooded Savanna: Finally, a balance between the woody 
and herbaceous com~onents is reached where bot~ vegetation 
components will remain stable. 
Apart from the structural changes of the vegetation described 
by these authors ; t must be expected that a successi on of 
speci es - occurs. Yeaton (1988) found· for instance that 
Terminalia sericea was gener~lly followed by Burkea af~icana in 
a successional sequence, while B. africana can establish itself 
in open areas. 
Species succession in relation to 
structure is of particular importance. 
change in vegetat ion 
As stated previously P. 
angolensis is suppressed if there is any competition with other 
woody vegetat i on for water or 1; ght. The abi 1 i ty of Burkea 
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africana to establish itself under other trees makes it a 
potential competitor with P. ango7ensis for soil moisture. 
tramer (1975) warns that the description of successional stages 
must be viewed carefully to distinguish between succession an~ 
the priorities established by man. These priorities influence 
management and development which 
landscape. 
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PART 4~ STRATIFICATION OF THE STUDY AREA USING REMOTE SENSING 
17. MATERIALS AND ~ETHODS 
The stratification of the study area was intended to provide a 
means through which sources of variation could be recognised. 
Bl ack and whi te aeri a 1 photographs from -1976, and 
SPOT XS satellite images from 1992- indicated 
multi band 
a marked 
heterogeneity within the study area. This variability 
manifest~d itself through differences in shades of grey on the 
photographs and differences in colour on the image. Changes in 
texture, i. e. the degree of 'gra ini ness', on the photos and 
image implied further variation. 
The st rat i fi cat i on of the study area was based pri mari 1 y on 
previously captured SPOT images. 
printed on - photographic paper 
Corresponding to the standard 
These had been sectioned and 
at a scale of 1:50,000, 
1 :50,000 topographic maps. 
Details concerning the satellite image are ~rovided in Appendix 
3. A black and white extract of the SPOT image is provided in 
Map 3. 
Where there were uncertainties about features on the satellite 
image map (SIM) reference was made to the digital original. In 
such cases the area under consideration was enlarged as 
required, and the acquired information was transferred back to 
the i ma-ge map and the transparency (See 1 ater) -. I t had been 
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Extract from SPOT XS image. dated 21 May 1992. 
Fosil sand dunes appear in light grey. Dry pans are 
visible within the inter-dune areas . 
Secondary roads are visible as white lines and fence 
lines as white lines or as a result of abrupt color 
changes. 
See Text 
Projection: UTM 33 
Source: SPOT XS 
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found imp~actical to delineate the mapping units on the 
computer screen using on-screen digitizing techniques. 
The interpretation bf the SIM's was ~upported through visits to 
the area in 1990. 
the principles according to which the image was interpreted to 
obtain the various mapping units are described in Appendix 2. 
Despite the advantages of colour provided by the SPOT image, 
the aerial photographs frequently provided additional 
information due to their higher 
particularly the case during 
features. 
ground resol uti on. Thi s was 
the mapping of topographic 
Mapping unit information was captured by fixing a transparent 
plastic overlay over the SIM. Reference points were determined 
and marked on the overlay, and the required information traced 
with a fine, water-resistant marker. 
Due to the effect of scale, lines were kept as fine as 
possible. This was especially· important during the preliminary 
mapping of the vegetation, since the bands of the transitional 
vegetation type were sometimes below SOm in width (1mm on the 
SIM) in the field. 
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The informat ion' whi ch had been recorded on the overl ci.ys was 
then digitized using a Calcomp 9100 AO digitizer and the 
program ILWIS. The data files were later transferred to 
ARC/INFO for further processing and printing. 
Once the preliminary maps had been compiled the a~curacy of the 
interpretation was verified during a preliminary field survey. 
Extensive use of the l6cal kn~wledge of the farmers was mad~~ 
accounted for most of the visually The resulting maps 
identifiable sources of v ar i at i on . While further differences 
in colour and texture could be 
incorporated in more genera 1 mappi ng 
areas they represent. (For instance, 
not mapped out separately.) These 
deternii ned they were 
units, due to the, small 
pans in the streets were 
small-scale differences 
i ndi cate, however, that some var i ati on must- be expected wi thi n 
each mapping unit. 
17.1 Infrastructure 
Infrastructure such as" fences, roads and water poi nts have an 
indirect influence on the development of vegetation since these 
features affect the movement of domestic and wild animals, and 
may restri ct the "spread of fi re. The importance of herbivory 
~nd fire with regard to vegetation development have been 
discussed previously (See Sections 13.2 and 13.3 respectively). 
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Keeping in mind that the study was to provide an indication of 
vegetat ion development . i n re.l at i on to· graz i Og pressu re the 
position of water points was noted. It was expected that 
grazing pressure would be related to distance from water points 
(Strohbach per com 1994). 
The location of most boundary fences and roads could be 
obta i ned read i 1 y from .ava i 1 ab 1 e 1: 50,000- topograph i c maps and 
technical drawings provided by the farmers. In addition, 
SPOT images provi ded i nformat i on on infrastructure that 
been developed.aftsr the topo-maps had been compiled, 
the 
had 
The positions of water points were obtained from the farmers, 
located in the field, and recorded using a Garmin 100 GPS. 
17.2 Identifying Separate Land Use Areas 
A 1 though the aeri a 1 photos were a' most 20 years old, they 
nevertheless showed clear differences betweeh. the communal and 
.commer~ial farming areas. 
within each of the two. 
Marked variations were ~lso visible 
The more recent SPOT i mag.e exh i bi ted comparab 1 e trends, but 
provided 
variations 
further indications 
in colour. Regions 
of heterogeneity through 
displayed on the photos in 
si mi 1 ar shades of grey .i n some cases· had to be consi de red 
dissimilar on the basis of the differences in colour on the 
images. 
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Durii1g the re.connai ssance survey it had .become apparent that 
differences in grazing pressure exist between the farms~ with a 
higher visible impact on Rooidag. Some of the encampments on 
Ta 1 i tha showed few' signs of domest i c graz i ng, wh i 1 e spoor of 
wild herbivores were abundant. 
17.3 Locating Topographical Features 
Keepi ng in mi nd the i nfl uence of topography, on vegetat ion ,i t 
was considered i~portant to locate the position and extent of 
the most prominent topogtaphical features, 
and the areas between th~m (streets). 
namely dune ridges 
Observat ions made in the 
contou r 1 i nes o,n avai 1 ab 1 e 
that the dune ri dges run 
contours 1 i nes on the' 
area in 1990 and analysis of the 
1 : 50, 000 topographi c maps i ndi cate 
roughly from west to east. The 
topographic maps were, however, 
inadequate to delineate the dune complex accurately, sihce the 
contour intervals on the topographic map~ were too large. 
Si nce the topographi c maps cou 1 d not be ut i 1 i sed, the SPOT 
images were referenced. Differences in vegetation reflect 
di fferences between dune ridges and the streets between them. 
This had been found in the field. Such differences had been 
observed during previous visits to the area, and are related to 
soil differences (Department of Water Affairs, 1971). 
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While use was made of an existing (1992) SPOT image no field 
check had been carried out in the area in the year in which it 
was obta i ned. The i mage had been recorded we 11 into the -dry 
season (May 1992), with very little precipitation in the 
preceding months. 
A visit to the area during the same season in 1993 showed that 
the bushes in the street vegetat i on (see be low) were· st i 11 
green, whereas the dune vegetat ion (see be low) had a 1 ready 
discoloured. The differences in colour on the. image were 
therefore primarily due to changes in soil characteristics. 
17.4 Preliminary Identification of Vegetation Types 
Since the dune ridge vegetation was assumed to have discoloured 
at the time that the image was recorded , the abi 1 i ty of the 
SPOT satell i te to di fferent i ate between vegetat i on types was 
used to de 1 i neate the st reet . vegetat ion (See Appendi x 2 for 
details). The assignment of the spectral bands (RGB- 321) 
-indicated that the vegetation in the streets was· still g.reen 
(indicated as red on the image) whereas the-dune vegetation had 
started to turn brown. 
The remaining areas were then classed as 'dune vegetation'. 
The,i nt'erpretat i on was assessed in the field to determine the 
accuracy of the classification. Where vegetation changes were 
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clearly visible locations were marked 9n the maps .by meaSuring 
the distance from the nearest fence ~r along the road. 
77 
Stellenbosch University  https://scholar.sun.ac.za
18. RESULTS 
18.1 Infrastructure 
Bo un dar y fen c e s we r e c 1 ear 1 y vis i b 1 eon the i mag e s as 1 i g h t 
coloured lines. Abrupt changes in colo~r and/or t~xture within 
the farm boundaries along straight, unbroken 1 i nes a 1 so 
indicate the location of fence lines between camps. 
The secondary roads depi cted' on the topograph i c maps di d not 
always match those visible on the images; It was assumed that 
, 
the ~oads had been reloc~ted after the maps had been compiled 
and the information pro~ided by the images was considered to be 
the most accu rate representat; on ava i 1 ab 1 e. T his i n t e r p r e-
tation was verified in the field. 
I t was found, that the c 1 ea r defi nit i on of' boundary fence 1 i'nes 
on the SPOT i mage was caused by fi re-breaks or rna i nt.enance 
tracks adjoining the fences, and which had been almost entirely 
cleared of vegetation. 
The results of the interpretation are provided in Map 4: 
" Infrastructure" 
18.2 Land Use 
In view of the importance of land use, in particular grazing, 
in the conte·xt of thi s study, it was considered necessary to 
delineate land use units within the study area, both within the 
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farmi ng zone and in the communa 1 area east of the veteri nary 
cordon fence. 
Previ ous experience showed that the predomi nant form of 1 and 
use west of the veterinary cordon fence was pastoral farming, 
with a small amount of cultivation in the streets. Little 
agricultural land use, 
part of the study area, 
if any, coul d be found in the eastern 
although a visit a year after the field 
assess~ent showed that pastoral farming had started. 
The location of the veterinary cordon fence was determined on 
topograph; c maps and compared to SPOT images. The cl ari ty of 
the cordon f~nce on the images facilitated distinction between 
the commercial farming zone and the communal lands. 
Cul t i vated areas were easi 1 y detected on 
almost white are~s with straight borders. 
arose between cu 1 t ivated 1 ands and areas 
the SPOT image as 
Initially, confusion 
cleared of bush to 
improve grazing. During the initial field assessment it was 
determi ned, however, that areas cleared for improved grazi ng 
were marginally darker in colour on the image than cultivated 
lands. 
A number of gravel pi ts a 1 so showed up as wh i te areas, but 
their borders were irregular, unlik~ those of cultivated lands. 
Although gravel pits and cultivated lands could be identified 
on the SPOT image the features are not indicated on the map. 
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Di scussi ons wi th farmers and observat ions in the fi e 1 d showed 
that P. ango7ensis had been exploited in the western parts of 
the area duri ng the 1960' s. Unfortunate 1 y no records of the 
harvesting 
available. 
practices or . extracted 
18.3 Topographical Features 
timber volumes were. 
The streets were visibl~ as red bands on the 5IM's, frequently 
with a coarser. texture than the dune ridges .. In addition, a 
. number of coarse patches were vi si bl e in the street areas. 
These were later identified as pans, which support a different 
vegetation on heavier soils than the surrounding areas. 
Dune ridges showed as light beige areas with a central band 
darker than the sides. 
Differences in colour and texture were evident between areas to 
the west and .east of the v,eteri nary fence. Areas on the 
western 
eastern 
si de showed up 
side, and were 
1 i ghter in colour than those on the 
of a much coarser. texture. 5i mi 1 ar 
trends could be seen on the aerial photos. 
Dune ridges and st reets were clear 1 y defi ned in the farmi ng 
area, while the transition between them ih the area east of the 
cordon fence was more gradua 1 . The clear defi ni t i on on the 
western side was assumed to arise from veld management 
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practices on the farms. Dune and str~et vegetatio~ are managed 
in separate camps, si nce the speci es composi t i on of the two 
vegetation types require different management regimes (Vermaak 
pers. com. 1994, Harmse pers. com. 1994). 
The delineation of topographical features was evaluated duting 
ground truth i ng in the study area, and necessary correct ions 
were made. 
Since the delineation of the vegetation in the study areawa~ 
based on the same principles, the topographical features 
'closely match the vegetation types shown on Map 5. 
18.4 Vegetation Types 
The delineation of vegetation on the SIM's in combination with 
the initial ground truthing resulted in the vegetation types 
depicted on Map 5 "Pre7iminaryVegetation Map of the Study 
Area", and with the following descriptions: 
Dune Vegetation 
This vegetation type is found on the slopes and ridges of dunes 
and consists mostly of Burkea africana, Termina7ia sericea, 
Combretum apicu 7atum, Combretum zeyherri, Ochna pu 7chra and 
Pterocarpus ango 7 ens is. Baphia massaiehsis (subsp. obovata) 
was often seen in the road reserves or adjacent to fire-breaks 
-
along fence lines, but is well represented within the 
vegetat i on as a whole. D uri n g the fie 1 d sur v e y i n1 994 the 
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genus Commiphora was frequently encountered, although no leaves 
fruit or flowers were present to permit species identification. 
Occasionally, members of the genus Grewia were also 
encountered. 
Photo 7. Dune vegetation on Farm Rooidag (F.P. Graz, October 
1994) 
Street Vegetation 
Vegetation classified as street vegetation occurs at the foot 
of the dune ridges and spreads through the areas between them. 
The most important species in these areas are Acacia me77ifera, 
Acacia f7eckii, Acacia erio7oba, Bauhinia petersiana, 
Dichrostachys cinerea and a few Acacia ataxacantha. As stated 
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earl i er, a number of pans have a 1 so been i dent i fi ed in the 
streets , but their species composition was not recorded . 
Photo 8. Street vegetation 
October 1994) 
on Farm Rooidag 
'Broken Dunes' and Transitiona7 Vegetation 
(F . P . Graz, 
Areas in which species from both dune and street vegetation are 
represented were classified as transition zones The species 
composition of the vegetation associated with this zone changes 
gradually from one vegetation type to the next. The closer a 
dune ridge is approached the more dominant the species 
associated with dune vegetation becomes. Th is g radua 1 change 
is less evident in the farm zone due to the vegetation specif i c 
management practices . 
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The broken dune vegetation also shows a mixture of species from 
the dune ridges and streets, and thus corresponds to the 
transition ve~etation in composition. Ho~ever, the position of 
this vegetation type was more associated with streets. The 
vegetation was therefore indi6ated separately. The name 
I broken dune lis a di rect translat i on of the name "gebroke 
duin" given. by the local farmers to describe very low dune 
ridges with the characteristic species mix. 
19. FINAL STRATIFICATION OF THESTUDV AREA 
In line with the objectives of the study, and within budgetary 
constraints, measurements were limited to the dune vegetation 
in which the species P. ango7ensis occurSi" 
To reduce the total variation of the variables that were 
assessed in the study area (Mueller-Dombois and Ellenberg 
1974), the area was stratified into a number of enumeration 
areas on the basis of the factors delineated as above. 
The enumeration areas were sub~divided on the basis of land use 
and the vegetation classes identified above. In practice the 
deve loped infrastructure, part i cul arl y the fences and roads, 
were used to delineate the enumeration areas within the farming 
zone. On the eastern si de of the cordon fence on 1 y dune, 
broken dune and street vegetation were identified, and only the 
dune vegetation was sampled. 
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The following map, map 6 "Stratification of Enumeration Areas" 
depicts th~ enumeration areas identified. 
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PART 5. FIELD SURVEY 
20. MATERIALS AND METHODS 
Mueller-Dombois and Ellenberg (1974) ~ecommend that clear 
definitions are established prior to an enumeration, to reduce 
bi as at a 1 ater stage. The variables listed in Table 3 were 
therefore identified. 
Table 3. The definition of variables used in the enumeration 
of the dune vegetation. 
Variable Description 
Growth Forms: 
Tree: A tree with a single stem, and 
with no regeneration from the 
base. 
R~generative tree: A tree with a single stem, as 
well as regeneration from the 
base. 
Light shrub Woody plant with 2 - 4 stems at 
the base. 
Bushy shrub Woody plant with 5 or more stems 
at the base. 
Tussock / Seedling: Seedling or suffruticose tree form 
regenerat i.ng from ground level. 
Includes coppice of felled trees. 
Grass: Single lIstemmed ll or tussock grass. 
Other herbaceous Any other growth form of 
forms: herbaceous plants including forbs, 
creepers etc. 
Plant height Height of the tallest stem of 
a plant, in centimetres. 
89 
Stellenbosch University  https://scholar.sun.ac.za
Land Use: 
Pastoral Farming: Use of land for grazing of 
. domest i c stock. 
Other Land Use: Any other form of land use. 
None: No apparent land use. 
Soil: 
Soil texture Percentages of each particle 
size class present. 
Soil chemistry: Concentration of nutrients. 
Distance to nearest Shortest distances in centimetres. 
plant: 
Position of Water Geographic location of drinking 
points: places for domestic stock. 
. 
Start and End of Geographic location. 
Transects 
For the assessment of P. ango 7 ens i s the fo 11 ow; ng defi n; t ions 
are given: 
Table 4. The definition of variables used in the enumeration 
of P. ango7ensis. 
P. angolensis 
Growth Form: Tree, regenerative tree or 
seedling/suffrutex (see table 3). 
Height: Height of the tallest stem, in 
meters. 
Diameter: Diameter ( in centimetres) at 
breast height (1 .3m above ground) . 
of the tallest stem. 
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To determine the most suitable samp 1 i ngst rategy a number of 
factor~ were considered. 
Mue 11 er-Domboi s and Ell enberg (1974) cons i der that pl ants are 
generally distributed non-randomly. This causes difficulties 
in applying a statistical error term and in determining a 
suitable sampling size and sample plot. size (Mueller-Dombois 
and Ellenberg 1974,Hutchings 1986); although. Coetzee and 
Gertenba6h (1Q77) provi~e_ a system which may permit an 
'appropriate plot size at each individual sampling location. 
As an alternative - Mueller-Dombois -and Ellenberg (1974) have 
suggested that a I runn; ng I mean shou 1 d be plotted du r; ng the 
assessment. However, if a vari abl e is-expected to change 
systemat i ca 11 y, such as so; 1 factors in re 1 at i on to di stance 
from watering points, this te~hnique is not appropriate. 
Sampl; ng by be 1 t transect such as descri bed by Kent and Coker 
(1995) does not d~tect systematic changes since positional 
iriformation is not recorded. 
Du e to 1 i m i t.e d vis i b i 1 i t yin par t s 0 f the stu d y ar e a i tis 
difficult to identify boundaries of sample plots unless they 
are physically delimited. The time required to layout plots 
in this manner was beyond the means of the project. 
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In view of these considerations sampling was plotless and the 
Point-Centred Quarter (PCQ) method discussed by Heyting(1968) 
and Mueller-Dombois and Ellenberg (1974) was applied. 
This method makes allowance for the difficult access and 
visibility which are experienced in parts of the study area; 
and does not require decisions of whether borderline cases fall 
within a plot or not. 
Transects were therefore run along the cr~sts of each dune with 
sampling poin~s at intervals of SOm. At each point the 
distance to the nearest plant was measured in each quadrant of 
a cross projected on the sampl e poi nt. Keepi ng in mi nd the 
relationship between the herbaceous and woody vegetation 
discussed previo~sly the two 
separately at each samplepoin~. 
components 
The woody plants were identified where possible. 
were measured 
Difficult,es 
arose, where plants had been severe 1 y damaged by fi re,· or where 
plant material was insufficient for a positive identification. 
Also, a number of plants could only be identified to genus. 
P. ango 7 ensi 5 was samp 1 ed separately from the genera 1 
vegetation in a 20m wide belt transect. The centre line of the 
be 1 t transect and the 1 i ne for the PCQ transect ran 
concurrently. 
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In order to permi t compari sons between the genera 1 vegetat ion 
and parameters mea~ured for P. ango7ensis ,the belt transect was 
divided into SOm long sections, the end points of which 
coincided with the PCO points. 
P. ango 7 ens i sdens i ty was related to a poi n.t by the average 
density of trees over SOm of the belt transect on either side 
of that point. 
In view of the importance of soil in the woodland ecosystem, 
soi 1 samp 1 es were taken 'i n conj unct i on wi th samples of the 
vegetation at SO Om intervals along the transect. Due to the 
loose textu re of the soi 1, samp 1 es were taken wi th a spade 
rather than with a soil auger. 
'" Soil samples were taken at·every tenth vegetation sample point, 
at depths of Ocm-Scm and app. 70cm. The two depths were chosen 
si nce the top soi 1 is the, 1 ayer most affected by fi re and 
herbivore impact. 
The deeper sample was used to sample the root zone. Literature 
on the root systems of some speci es wh i ch occur in the study 
area provide the following measurements on root penetration: 
the roots of Burkea afri cana extend SO-60em i ntothe soil 
(Yeaton 1988), those of. Termina7ia seriCea 12-23cm (Smith and 
Grant 1986, Yeaton 1988) and the lateral roots of P. ango7ensis 
occur mostly at 30-60cm although numerous sinkers are sent down 
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to a depth of 2m (Vermeulen 1990). In addition, the upper 45-
90cm are colonised during the first year of development of a P. 
ango7ensis seedling (Vermeulen 1990). The sampling depths 
effectively cover the rooting zones. 
The soi 1 samples were ana 1 ysed by the Soi 1 1 aboratory of the 
Ministry of Agriculture. The procedures used to determine of 
the concentrati on of el ements are provi'ded in Appendi x 3.4 
Th~ field enumeration was carried out in the first three weeks 
of October 1994 pri or to the fi rst rai ns in the study area. 
The synchronised floweri~g of P. ang67ensis described by 
Ch il des (1989) was observed du ri ng the fi rst week. Leaves 
~ sprouted onl y after most trees had lost thei r flowers. The 
maxi~um d~ily temperature during the field work ranged between 
37 0 C and 42 o C. 
Fourteen transects were measured, four of which were laid out 
in the communal area. One transect in the farming area was not 
c6mpleted when it was f6und that it 
rna i nta i ned qua rant i ne camp next· to 
undergrowth and scrub had been removed. 
extended through a 
the farmstead; all 
The resul ts of thi s 
transect were therefore discarded during data analysis. 
The first transect was used as a trial for the implementation 
of the enumeration strategy and no soi lsampl es were taken. 
Four transects were measured on the farm Rooidag and a further 
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five on farm Talitha. The remaining transects were laid out on 
the fi rst four dune ri dges north of the road to Tsumkwe, 
starting at the . veteri nary cordon fence. The Vegetation on 
three of these dune ridges had burnt that season. 
Statistics were calculated using the package Statistica 4.5. 
21. RESULTS 
21.1 AnalY$is of Vegetation Data 
21.1.1 Vegetation Density 
The data. was examined by calculafing the mean distance to the 
nearest plant for i ndi vi. dua 1 transects and for the communa 1 
area and the farms as a whole. 
in Table 5 below. 
These statistics are provided 
TableS shows that the mean distance from a sample point to the 
nearest herbaceous plant is markedly lower than to the nearest 
woody plant. 
The statistics in Table 5 suggested the possibility of a 
relationship between land use and vegetation density. To 
determi ne such a re 1 at i onsh i p, an Ana 1 ys is of Vari ance was 
carr; ed out for both, woody and herbaceous vegetat ion 
densities. The results - provided in Table 6 - show that there 
are si gni fi cant di fferences in the di stance to the nearest 
plant on the two farms and in the communal area, with 
·vegetation more dense on Talitha. The mean distance to the 
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nearest herbaceous plant is less in the communal area than on 
the farms. 
Table 5. Mean of the distances (in centimetres) to the 
nearest woody or herbaceous pl ants and mean pl ant 
height, for each transectmeas~red, and as a total 
for the farms and communal area. . The overall 
variance is provided inbracke~s. 
Woody Vegetation Herbaceous Vegetation 
Mean Mean Mean Mean 
Location N Distance Height Distance Height 
Communal 200 . 192.2 150.9 37.8 38.0 
Area 180 198.8 145.1 28.6 27.3 
160 157.6 127.8 26.1 39.7 
160 198.5 143.8 38.1 35.6 
Mean 700 187.43 142.5 32.82 25.07 
Variance (10138.53) ( 9881.70) ( 490.19) (1357.05) 
Farm 76 207.4 164.9· 62.8 62.0. 
Rooidag 160 208.8 190.8 46.9 47.3 
160 204.8 179.0. 42.6 54.4 
182 147.8 143.9 40.5 35.1 
Mean 578 187.32 169.28 45.76 47.31 
Variance (11605.10) (131 70 ~ 82) ( 11 50. 00) (1538.39) 
Farm 198 163.0 154.4 41.4 51 . 1 
Talitha 160 170.3 111. 3 39.2 46.9 
180 145.4 134.6 39.8 34,9 
160 168.0 153.3 27.5 47.8 
180 186.2 134.0 40.0 32.9 
Mean 898 167.06 140. 11 37.64 42.19 
Variance ( 7820.93) (12024.35) ( 727.95) (1478.22) 
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Table 6. The results of ANOVA's to determine differences in 
vegetati on densi ty . and the hei ght of woody pl ants 
on the f~rms and in the communal area. 
Woody Herbaceous 
Vegetation Vegetation 
Mean Mean Mean 
Statistic Distance Height Distance 
F 11.59353 14.51044 35.83725 
Farms df 2 2 2 
Error df 2173 2173 2173 
P 0.000010 0.000001 0.000000 
., 
21.1.2 P7ant Height 
To determi ne di fference in plant hei ght between the communa 1 
area and farms an Analysis of Variance was carried out on the 
height data of the woody plants. The results of the analysis 
showed that there is a very significant differenc~ (p < 0.0001) 
in woody plant height between the three areas; Woody plants on 
the farms were genera 11 y ta 11 er than in the communal area .. 
Since hei'ght measurements of the herbaceous plants could not be' 
taken at all sampl e poi nts on three transects in the communal 
area, no ANOVA was conducted On the herbaceous plant height. 
Further statistics were calculated to determine the existence 
of simple linear correlation between woody and herbaceous 
vegetation parameters and the results are provided in Table 7. 
The tab 1 e shows that a sign if i cant cor re 1 at i on between woody 
and herbaceous plant densities exists only on Farm Rooidag. 
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Significant linear correlation was also found between the 
distance to the nearest woody plant and woody plant height, as 
we 11 as between the di stance to the nearest herbaceous plant 
and herbaceous plant height. 
Table 7. The correlation coefficients, r, and probability, p 
(bracketed) , determined for simple linear 
relationships between vegetation density and 
height. Significant correlations (p < 0.05) are 
underlined. 
W-Dist W-Dist H-Dist H-Dist H-Hgt 
vs. vs. vs. vs. vs. 
Location N H-Dist W-Hgt W-Hgt H-Hgt W-Dist 
Communal 700 -0.0313 O. 1302 -0.0504 0.0704 -0.0576 
Area (0.408) (0.001) (0.183) (0.063) (0.-128) 
Farm 578 0.1220 0.24.94 0.0223 0.2984 0.0325 
Rooidag (0.003) (0.000) (0.593) (0.000) (0.436) 
. 
Farm 898 -0.0508 0.2527 -0.0317 0.2307 0.0303 
Talitha (0.128) (0.000) (0.342) (0.000) (0.364) 
The relationship between the herbaceous plant density and 
height was restricted to the farms and the unburnt area in the 
communal lands. 
21.1.3 Growth Forms 
The occurrence of growth forms of woody plants in the different 
areas is shown in Tabl e 8. It is evident that the greatest 
portion of the woody plants were represented by shrubs. Most 
of these were classed as bushy, i.e. shrubs with fiveshoot.s or 
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Regenerative forms - seedlings or suffrutex "tufts" and 
regenerative trees, were poorly represented. 
The results of a Chi-square analysis showed very significant 
differences in growth form distribution bet~een the farms and 
between the farmi ng and communal areas. Woody plants ; n the 
communaJ area were primarily represented bi bushy shrubs, while 
fewer trees and regenerative forms occurred there. 
The proport i on of shrubs in the farmi ng area was. genera 11 y 
lower than in the communal area,although proportionally more 
bushy shrubs occurred on farm Talitha than on Rooidag. 
A 1 arger proport i on of trees and 1 i ght shrubs was .found on 
Rooi dag than on Ta 1 i tha, wh i 1 e there were more regenerat i ve 
plants foundori Talitha. 
A correspondence analysis such as described by Jongman et a1. 
(1987) indicated that the ~rowth forms on fa~m Talitha followed 
an intermediate distribution between farm Rooidag and the 
communal area. The scatter plot in figure 7 also shows a clear 
di sti ncti on between the transects that had been burnt that 
season and the unburnt transect in the communal area. 
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Table 8: The actua 1 and expected. (bracketed) frequenc i es of 
woody plant growth forms. The Chi-square analysis 
showed that there is a si gni fi cant di fference in 
the occurrence of plant growth forms between the ' 
three identified areas. 
Growth Forms of Woody Plants 
Row 
Location tr rt 1 s bs s Totals 
Communal 20 20 109 515 36 700 
Area (42.78) (38.28) (145.40) -( 403.40) (70.13) 
Farm 63 37 179 223 76 578 
Rooidag (35.33) (31.61) (120.06) (333.09) (57.91) 
Farm 50 62 164 516 106 898 
Talitha (54.89) (49.11) (186.53) (517.51) (89.97) 
Column 
Totals 133 119 452 1254 218 2176 
Pearson Chi-square = 180.432; df = 8; p = 0.0000 
Where: 
tr = tree, rt = reg~nerative tree, 
ls - light shrub, bs = bushy shrub J 
s = seedling. 
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Figure 7. 
.... ... .. ... . .. ... .. .. .... ... . + 
rt 
+ 
-f°a ~ 
'96:' 
The scatter diagram obtained from a correspondence 
analysis carried out on the plant growth forms 
identified during the field survey. The numbers 
indicate transects. There are defi ni te groupi ngs 
of growth forms based on land use. 
101 
01 
Stellenbosch University  https://scholar.sun.ac.za
21.1.4 Species 
The species which were identified during the enumeration are 
provided in Table 9 below. It is evident from this table that 
species distribution is linked to land use and fire. 
Baphi a massa i ens is occurred most frequent 1 y - up to 25.7% of 
the woody plants, and provided the largest proportion of plants 
in the communal area and on Talitha. Second most frequent was 
Termina7ia sericea, with a distributi6n between the farms 
simi lar to that of Baphia massaiensis. Members of the genera 
Combretum and Commi phora were found more frequent 1 y on the 
farms,with Commiphora represented most frequently on Talitha. 
Table 9. The speci es i denti fi ed in the' study area, as well 
as their occurrence as percentage of the number of-
observations in each a~ea. 
Species 
Acacia spp 
Baphia massaiensis 
Bauhinia petersiana 
Burkea afri cana 
Combretum spp 
Commiphora spp 
Dichapeta7um cymosum 
Baikiaea p7urijuga 
Grewi a f7 ava . 
Lonchocarpus ne7sii 
Ochna pu7chra 
Pterocarpus ango7ensis 
Strychnos sp. 
Termina7ia sericea 
Ricinodendron rautanenii 
Unidentified species 
Communal 
Area 
1 ( 0.1%) 
229 (32.7%) 
18 ( 2.6%) 
18 ( 2.6%) 
15 ( 2.1%) 
19 ( 2.7%) 
o ( 0.0%) 
o ( 0.0%) 
5 ( 0.7%) 
4- ( 0.6%) 
23 ( 3.3%) 
11 ( 1.6%) 
1 ( 0.1%) 
107 (15.3%) 
o ( 0.0%) 
249 (35.6%) 
102 
Farm 
Rooidag 
o 
57 
14 
5 
98 
22 
2 
o 
15 
16 
14 
2 
o 
38 
o 
297 
( 0.0%) 
( 9.8%) 
( 2.4%) 
( .0.9%) 
(16.9%) 
( 3.8%) 
( 0.3%) 
( 0.0%) 
( 2.6%) 
( 2.8%) 
( 2.4%) 
( 0.3%) 
( 0.0%) 
( 6.6%) 
( 0.0%) 
(51 . 2%) 
Farm 
Talitha 
8 ( 0.9%) 
275 (30.6%) 
45( 5.0%) 
3 ( 0.3%) 
94 (10.4%) 
142 (15.8%) 
o ( 0.0%) 
6 ( 0.7%) 
45 ( 5.0%) 
18 ( 2.0%) 
21 ( 2.3%) 
5 ( 0.6%) 
o ( 0.0%) 
103 (11.4%) 
1 ( 0.1%) 
134 (14.9%) 
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Other· spec i es, wh ich di d not appear in the enumerati on but 
could be positively identified included Grewia f7avescense and 
Securidaca 7ongipeduncu7ata. 
21.2 P. ango7ensis in the study area 
21.2.1 P. ango7ensis density 
To investigate the relationship between P. ango7ensis and the 
remaining vegetation; the correlation between the density 6f p. 
ango7ensisand the distance to the .nea~est woody and herbac~ous 
plants ~as calculated for each transect. The correlation was 
very low, and statistically insignificant. 
The same relationship was ·investigated for the pooled data. 
The results of this calculation are provided in Table 10. From 
the tab'le it is evident that rio significant. correlation exists 
between the occurrence of P. ango7ensis and other woody plants, 
or the herbaceous vegetation components. 
Table 10. Correlation between the density of P. ango7ensis 
and the surrounding vegetation. No significant 
correlation exists at p = 0.050. 
Item Value 
Sample size 545 
Correlation Coefficient (r) 0.0393 
p 0.360 
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21.2.2 Height and Diameter Re7ationships 
A very significant simple linear correlation was fbund to exist 
between thehei ght and diameter of, P. ango7ensis when all. 
measurements were pooled. Table 11 provides 'a summary of the 
relevant statistic~. 
Table 11. Correlation between P. ahgo~ensis diameter and 
height, and the correlation between vegetation 
,density and P. ango7ensis height. The Ho: r = . a 
(there'is no correlation) is r'ejected with p.« 
0.05. 
Sample Correlation 
Relationship Size Coefficient p 
P. ango7ensis diameter 
vs. height 531 0.8,52 0.000 
Vegetation density vs. 
P: ango7ensis height 521 -0.147 0.001 
A further significant correlation was found between the height 
of P. ango7ensis and the density of th~ surrounding vegetation. 
Lower tree height for P. ango7ensis is associated with dense 
woody vegetation, while taller P. ango7ensis were found in 
areas with less dense vegetation. A summary of the statistics 
is also provided in iable 11. 
D~spite the diameter-height relationship for P. ango7ensis 
trees, no significant correlation (r = 0.36, p = 0.0393) was 
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found between the dens i ty of the genera 1 woody vegetat i on and 
tree diameter. 
There are differences in the distribution 6f the height of P. 
ango7ensis plants between the farms and communal areas. On the 
farms 12% ·of the pl ants are fi ve meters or 1 ess in hei ght, 
while in the communal area this height class makes up over 40%. 
Plants between five and ten meters make up 80% in the farming 
area and 53% in the communal area. The remaining 8% and 7% are 
plants taller than 10m in the respective area~. 
21.2.3 Growth Forms 
A"summary of the distribution of growth forms of P.· ango7ensis 
f 0 u n din the stu d y are a i s pro v ide din Ta b 1 e 1 2 . The tabl e 
shows that the greatest proportion of plants counted were non-
regenerati ve trees, 'part i cul arl yin the farmi ng area. The 
regenerative tree form was more common in the communal area. 
Tab 1 e 1 2 a 1 sop r 0 v ide s the res u 1 t s ,of a Chi - s qua r e· a n a 1 y sis 
which shows very significant differences in the occurrence of 
. , 
the different growth forms on the farms and in communal area. 
Few trees, i.e. 12% of those measured in the farming area, and 
23% in the communa 1 area were regenerat i ve I n the communa 1 
area 19% of plants were seedlings or Suffrutexes while 
regeneratitin in the farming area was found only on Tal,itha. In 
all, 42% of P. ango7ensis plants in the communa 1 area were 
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regenerative, while the equivalent figure for the farming area 
is on 1 y 12%. 
Table 12. The actual andexp~cted (bracketed) frequenci es of 
growth forms of P. ango7ensis. There is a 
significant difference in plant growth forms 
between the three identified areas. 
P. ango7ensis Growth Forms 
Row 
Location tr rt tu Totals 
Communal 169 66 56 291 
Area. (208.79) ( 42.74) ( 39.46) 
Farm 142 9 0 151 
Rooidag (108.34) ( 22.04) ( 20.47) 
Farm 70 3 16 89 
Talitha ( 63.86) ( 13.07) ( 12.07) 
Totals 381 78 72 531 
Pearson Chi-squar~ = 75.98; df = 6; p = 0.00000 
tr = Tree form; 
rt = regenerative tree; 
tu = suffrutex. 
21.3 Analysis of Soil Data 
21.3. 1 Concentration of E7ements in the Top-Soi 7 and Sub-Soi 7 
A paired-sample t_test was carried out to test-for a difference 
in the concent~ation of elements between the top-soil and sub-
soil. The results are provided in Table 13. Underlined values 
106 
Stellenbosch University  https://scholar.sun.ac.za
indicate where diffe~ences were found to be statistically 
significant (p < 0.05). 
The tabl e shows· that consi stent di fferences in the exchange 
capaci ty, the pH and in the concentrat i on of P exi st between 
top-soi 1 and sub-soi 1. Further di fferences were found to' exi st 
for Mg, Ca and on farm ~ooidag, but not on Talitha. 
Table 13. The mean concentration (ppm) of elements in the top 
soi 1 (Ocm) and sub-soil (70cm), as well as the 
results of a paired sample t-test to determine 
differences between top-soil and sub-soil 
concentrations. Significant differences at p = 0.05 
are underlined .. 
Soil 
Location Depth df K Mg P Ca Na pH EC 
Communal 0 cm 21 43.36 17.62 3.19 70.67 15.32 4.73 74.86 
Area 70 cm 21 16.82 5.71 1 .91 20.09 14.36 4.08 26.55 
p 0.034 0.248 0.005 0.116 0.465 0.000 0.000 
Farm 0 cm 15 27.63 12.25 3.50 40.25 14·25 -4.21 55.81 
Rooidag 70 cm 15 32.8.1 : 4.56 2.03 24.50 14.06 3.99 18.25 
p 0.568 0.000 0.002 0.000 0.851 0.000 0.000 
Farm 0 cm 29 36.63 21.07 3.07 48.13 15.37 4.47 64.50 
Talitha 70 cm 29 30.73 14.47 1 .83 36.43 14.87 4.25 30.37 
p 0.093 0.071 0.011 0.132 0.536 0.014 0.000 
- -
107 
Stellenbosch University  https://scholar.sun.ac.za
21.3.2 Concentration of·E1ements vs. Distance to the Nearest 
P1ant 
No significanf correlation was found to exists on a consistent 
basis between the distance to the nearest herbaceous plant and 
the quantity of any of the elements examined in the top-soil. 
Similarly, no consistent correlation could be found between 
el ements in the sub-soi 1 and di stance to the nearest woody 
plant. 
22. DISCUSSION 
22,-1 Pl ant Dens; ty 
No evidence was found to support the relationship between the 
density of woody and herb~ceous vegetation as in~tially 
postul ated. Rather, the two· components seem to vary 
independently. 
Further consideration of these results indicates that the lack 
of a relationship is brought about by the rate at which the 
herbaceous ·vegetation may respond to outside influences. For 
instance, woody plants can only respond to rainfall once water 
has percolated to the lower soil layers (Walker and Noy-Meier 
1982) . Herbaceous pl ants, on the other hand, are ab 1 e to 
respond much faster, especially if rainfall is low. 
108 
Stellenbosch University  https://scholar.sun.ac.za
Concl usi ons based on one set of measurements are therefore 
inadequate. Repeated enumerat ions need to be made to account 
for the slower development of the woody vegetation. 
The inverse re 1 at; onsh i p between height and densi ty- found 
within both the woody and herbaceous vegetation components 
indicates that there is competition within each component. 
The mean distance to· the nearest. woody plant in thecommuna 1 
~rea is generally higher than the c6rresponding f{gure on 
Talitha, but almost equal to that on Rooidag. This suggests 
that the prolonged low grazi~g intensity experienced on Talitha 
permi ts an increase in the densi ty of the woody vegetat ion. 
(Prolonged heavy grazing causes the development of a lower 
woody plant density, since animals will browse young seedlings 
when the herbaceous cover is low.) 
The fires which occur in the communal area would promote a less 
dense woody vegetation by killing seedlings. This enhances the 
structural differentiation between the communal and farming 
areas. 
Additional support 
provi ded by the SPOT 
for differences in 
i mage used in the 
the vegetation is 
mappi ng of the study 
area. The image shows clear differences in colour between the 
farms, making 
boundaries. 
it possible to distinguish 
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The postulated increase in plant density with increasing 
distance from a water hole was not evident in the data. Some' 
relationship must exist, however, since there were often clear 
si gns of heavy grazi ng and browsi ng at focal poi nts such ·as 
road sides, gates, or water holes. At 100m into the transects, 
howeve~, these signs had almost disappeared. 
The absence of a re 1 at i onsh i p between t.he dens i ty of woody 
plants in general and P. ango7ensis is linked to the 
establishm~nt and growth req~irements of the species. 
According to Vermeulen (1990) P. ango7ensis colonises open 
areas, where there is little competition. Other woody plants 
which are more tolerant of competition may establish themselves 
later. 
If a relationship exists between P. ango7ensis and the 
remaining woody plants, 
trees. Tree d.ens it; es 
it has been obscured by the removal of 
; n the communa 1 area . may have been 
hi gher in the past, but harvest i ng ; n the area du ri ng the 
1960's has reduced the tree population. 
22.2 Plant Height 
A compari son of the data summari sed in' Tabl es 5 and 8 showed 
that mean plant height is greatly influenced by the number of 
shrubs - light or bushy - found in an area. 
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Also, since the herbaceous plants of three transects in the 
communal area had in some cases been reduced almost entirely to 
ground level by fir e , . the lack of correlation between 
herbaceous plant density and height in th~ communal area should 
not be considered conclusive. 
Considering that P. ango7ensis usually occurs in even aged 
stands (Groome et a 7. 195 7b), and that trees whi ch grow up 
together are genera 11 y of equa 1 hei ght (von Brei tenbach 1973) 
it is evident ~hat the sub-population of the communal area has 
a he a 1 t hie r s t r u c t u r e than t hat of the fa r min g area, t hat is, 
the size classes are more evenly distributed, with a strong 
component of young plants. On the other hand, further 
i n v est i gat ion 0 f the reg en era t ion c los e r tot h eve t e r ina r y 
fence showed that a 1 arge port; on of the plants were coppi ce 
material. 
These observat ions are simi 1 ar to those of Ge 1 denhuys (1992) 
who found that the smaller size classes of P. ango7ensis had a 
hi gher stem densi ty in Kavango. Th is he att ri buted to the 
higher fire tolerance of the species. 
-
22.3 Growth Forms 
Bushy shrubs were particularly dominant in the communal area, 
making up 74% of all woody plants observed. During the field 
count many of the mul t i -stemmed shrubs seemed to have been 
killed by fire. Closer examination of the individual plants 
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showed, however, that almost all were forming new shoots at the 
base, leading to the development of dense bushes/shrubs. This 
was espebially noted for Baphia massaiensis, which was also the 
most commonly observed woody species. 
Regenerat i ve forms, such as regenerat i ve trees, seedl i ngs or 
tussocks of woody vegetation were found to be less frequent in 
the communal area. It is likely that fire killed most 
seedlings in the area and caused damage tocoppi ce material. 
Also, the higher density of herbabeous vegetation in the 
commun~l ~rea has probably suppressed seedling development. 
The differenc~s in the proportion of growth forms between the 
farms is brought about by differences in range management, and 
is-also reflected in the species composition. As indicated 
previously, Baphia mass~iensis occurred most frequently in the 
communal area and on farm Talitha. This species was found only 
as 1 i ght -or bushy sh rub, a 1 though it may form a sma 11 tree 
(Coates Palgrave 1983). 
occurred in shrub 10rm. 
was 
Similarly, Commiphora spp. also mainly 
made between coppice regeneration and No differentiation 
suffrutexes of P. 
Ta 1 i tha as we 11 
ango7ensis. The low number of trees on farm 
as the presence of dead stumps i ndi cate that 
some exploitation of the species had occurred in the past. The 
high occurrence of suffrutex / coppice regeneration on this 
farm -as compared to Rooidag - would suggest that most of the 
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regenerat ion is coppice. I t must be consi dered that seed of 
the species does not germinate well in shade conditions (Groome 
et a7. 1975b) such as found on the farms. This provides 
further support for the assumption,that regeneration on Talitha 
is primarily coppice material. 
22.4 Soils 
Although soi 1 moi sture was not measured, it was observed' that 
w~ter would co~dense on the inside of sampling bags containing 
soi 1 from 70cm depth. No condensat ion coul d be seen' in the 
sample bags contai ni ng top soi 1 . Soi 1 moi sture i stherefore 
consi dered to be hi gher in the sub-soil. Further di scussi ons 
wi th the farmers i ndi cated that moi sture coul d be found in 
lower soil layers even at the end of the dry season in very dry 
years. 
22.5 General 
The field survey was intended to confirm the applicability of 
the previous knowledge to Namibian conditions. 
The clearest relationships between land use and vegetation are 
evident in growth forms and species. Both factors cause 
differences in the vertical structure of the vegetation. 
Although correlation between woody and herbaceous plant 
densities and their height exists, it indicates the importance 
of compet it i on wi th in each of the two components rather than 
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between them. The correlation between the woody and herbaceous 
vegetation density was not conclusive. This lack of decisiv~ 
evid~nce m~st be seen in terms of the lack of temporal 
replication of measurements to make allowance for the effects 
of short term variations in the vegetation composition. 
Further research in vegetation development must take both the 
spatial and temporal scale of the savanna woodlands into 
account. The study shows, that there are strong variations in 
species ccimposition and other vegetation parameters, which need 
to be considered. Vegetation density, o~ the other hand, must 
be considered in terms of the time it requires to respond to 
rainfall and the effects of fir~. 
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PART 6. MODELING 
23. SELECTION OF THE MODELLING APPROACH 
23.1 Criteria for Model Selection 
As outlined in the introduction, a model may be used to 
facilitate further understanding of the development of P. 
ango7ensis populations. In order to select the model which 
wi 11 serve the purposes of thi s study most effecti vel y the 
following criteria mus~ adhered to. 
Generally, the model must cope with a severe lack of 
statistical data, but must nevertheless provide information 
pertaining to the development of 
i nfl uence of the key factors that 
rainfall, competition and fire. 
P. ango7ens7s under 
have been i dent i fi ed, 
the 
i . e. 
In view of the uncertainty regarding the full impact of fire on 
the development of a P. ango7ensis population the model must 
provide the opportunity to investigate the influence of this 
factor in particular. 
The model must furthermore, provide an opportunity 
invest i gate the effects of exp 10; tat; on and graz; ng on 
development of the P. ango7ensis population as a whole. 
to 
the 
The scope of potent i a 1 mode 1 sis rest r i cted by the 1 i mi ted 
information. Considering the lack of empirical data regression 
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models as described by von Gadow-and v~n Hensbergen (1981) or 
matrix models such as discussed by Leslie (1945) or Suzuki 
(1984) cannot be compiled at this stage; 
An ill ustrat i on systems-mode 1 may - be deve loped, however, in 
wh ich the actua 1 processes are of pr i mary importance. Th is 
type of model emphasi zes the 1 i nkage between the components 
rather than theirsiatus (Pellew 1983). 
23.2 Choice of a Model 
23.2.1 Stage Structured Models 
Stage structured models divide a problem into a logical 
of stages. Each of these may then be tested, tuned 
eval uated separatel y to provi de i nformat i on on parts 
whole. 
For instance, the mode 1 used by Pellew (1983) 
number 
and/or 
of the 
in his 
investigation of the Acacia/Elephant problem in the Serengeti 
divided the Acacia population into a number of size classes in 
response to si ze rel ated mortal i ty rates. The _ effects of 
elephant feeding and fire we~e then simulated. 
Wood (1994) on 
insects, which 
the other hand, 
develop through 
descri bes organi sms, such as 
a series of identifiable 
morphological stages. The analogy of the insect population may 
prove useful i nthe study of P. ango 7 ens is, since the 
individual plants develop through distinct stages, i.e. seed, 
116 
Stellenbosch University  https://scholar.sun.ac.za
seedling/suffr"utex and adult (See section 7.). The approach 
considered here provides the possibility of handling each 
developmental stage separately. 
23.2.2 Qua7itative Ru7e Based Mode7s 
Ru 1 e-based mode 1 s such as descr i bed by Starfi e 1 d et a 7. (1989), 
Starfield (1990) and Starfield et a 7. (1993) provide a 
qua 1 i tat i ve rather than quant i tat i ve output. This family of 
models presents a means to build on existing conceptual 
knowl edge despi te alack of empi ri ca 1 data, maki ng it very 
attractive for this study. 
Rule based models are comprised of a set of IF-THEN rules which 
can be formulated in plain language before they are translated 
to a computer language. Fori n s tan c e' S tar fie 1 d eta 7. (1 989 ) 
, 
formulated the following rule in their management model for an 
estuarine lake: 
"IF the salinity level is high, AND lake level is low 
OR moderate THEN reeds die back within three months" 
Due to the simplicity this type of model must be seen as a step 
towards further understandi ng of the system. It may provi de 
indications where further research is required or what aspects 
the development of management strategi~s need to cater for. 
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24. DESCRIPTION OF THE BASIC MODEL 
24.1 -General Overview 
24.2 The Savanna Component 
The information contained in the review of savanna ecology as 
well as the results of the field work provide a detailed 
description of the problems that the model must address, and 
the factors it needs to take into account. 
The model used here is a combination of the stage structured 
and rule-based approaches discussed above. It is adapted from 
the frame based Brachystegi a bohenii i woodl and mode 1 of 
S t a rf i e 1 d eta 7. (1 993) . 
Th~ model devised by Starfield et a7. (1993) divides the 
Brachystegia woodlands of Zimbabwe into three stages (frames), 
i.e. grassland, woodland and bushland. The model is driven by 
ra i nfa 11 wh i ch governs plant growth and fue 1 load deve 1 opment . 
Once plants have reached a certain stagei n development, the.' 
vegetation eriters the next frame. 
The g~assland and woodland frames used here are similar to the 
ones described by Starfield et a7. (1993), while the bushland 
frame is omitted due to a lack of evidence and general 
information concerning a Bushland v~getation type in the 
savanna woodlands of Namibia. 
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The savanna system 
frames accordi ng to 
is therefore divided into two distinct 
the domi nant forms of compet it ion wh i ch 
It is assumed that while competition for water occur. 
dominates, the model wi 11 remain in a grassland state (grass 
cover regulated state). Once light becomes the limiting factor 
the system will switch over to ~ woodland state (canopy closur~ 
regulated state). 
The grassland frame considers a dominant herbaceous cover while 
woodl and is domi nated by the woody v·egetat i on component. The 
two frames are run independently, each governed by its own set 
of rules and parameters. 
A transition between frames occurs when certain conditions are 
met. These transition rules are described in more detail later 
in the text, but generally represent the change between the two 
dominant forms of competition (for water arid light). 
The rules which govern the development of each frame interpret 
the effects of rainfall ,fi re and competition on the dominant 
vegetation component. 
Fig~re 8, 
the basic 
provi des a schemat i c representat i on of the flow of 
the re 1 at i onsh i p' between the model, and shows 
individual model co~ponents. 
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Figure 8. Schematic representation of the savanna and P. 
angolensis models , and the re l ationship between 
them. 
Since the primary objective of the model is geared towards 
further understanding of P. angolensis the two frames have been 
kept very simple and the incorporated rules are often similar. 
The processes and assumptions which are described below 
therefore represent only the most important ones. 
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The statements in the following descriptions give rise either 
to an assumption on which the model is based, or a rule which 
the mode 1 must follow. ,Assumpt ions' wi 11 be preceded by an 
upper-case 'A'while the rules ar~ indicated by an I' 1 r . Where 
it is necessary to carry out a sensitivity analysis, rules are 
marked by an '*'~ 
24.2.1 General Assumptions for the Savanna Component 
The assumptions below refer to the model as a whole. 
A The degree of competition is different in each savanna 
frame. 
A Low and high fire intensities are different in each 
savanna frame. 
A Product i vi ty of the vegetat i on component in response to 
rainfall does not change over the period of the 
simulation. 
A Grazing reduces fire frequency and intensity, and reduces 
competition by the grass component. 
24.2.2 Description of the Grassland Frame 
Grassland features a dense herbaceous layer with few shrubs and 
scattered trees. Competition for water in the top-soil is 
therefore high in comparison to the lower soil layers. 
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The model uses scrub he; ght as controll; ng var; abl e in the 
grassland frame, assuming that competition for water will 
inhibit height growth of the woody vegetation. Once scrub 
height exceeds a certain threshold competition for light 
becomes more important than for water, and a transition to the 
woodland frame takes place. 
Scrub height is manipulated in a real-type variable to evaluate 
the effects of ra i nfa 11 and fi re. Scrub grOwth and reduct ions 
are applied to the variable through a system of look-up tables 
in response to rainfall events or burns. 
Height is recorded as belonging tb one of four classes ranging 
from very low to very hi gh ,i . e. from 0 to 3. The classes in 
turn are used as index variables for the look~up tables. 
Scrub height is a 11 0 cat e d to a c 1 a.s s b yt run cat i n g the value in 
the height variable. In cases. 0here the height variable 
reaches or exceeds 4 the grassland remai~s in class 3. 
Once the scrub height has reached a 
development a transition to the woodland 
certain stage of 
frame takes place. 
More specifically, a switch to the woodland frame occurs under 
the following circumstances: 
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r If the grassland has been in height class 3 for fi·ve 
successive years; o~ 
r I f the grassl and has been in hei ght cl ass 3 for four 
successive years, there is a 75% chance that.a transition 
will occur; or 
r If the grassland has been in height class 3 for three 
successi ve years there is a. fi fty percent chance of a 
transition. 
Successful recruitment of woody plants will increase if the 
herbaceousvegetat ion is decreased but wi 11 be reduced as a 
result of fire. The impact of fire is dependent on the season 
of burn and the accumulated fuel. 
The response of herbaceous vegetation to rainfall is swi ftin 
the grassland frame, since little competition for light is to 
be expected. Fires are more frequent due to the rapid response 
of the herbaceous vegetation to rainfall, and the resultant 
build-up of small fuels. Higher fire intensities occur because 
of the small size of the· fuels (Heikkila et al. 1993). 
A Grass 1 and deve 1 opment is 1 inked to fi re frequency and 
intensity. 
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The processes acting in the grassland . frame may be summarised 
as indicated in the following figure, figure 9 
Enter 
Grassland 
~------") Ra i n 
1 
Develop 
Savanna 
J 
Fire?- -- - ---':j> y es - --- --
I 
v 
no 
-;, 
Transition 
Characterist i cs -
Reached? 
n o~ --_--'I j 
yes 
1 
Enter 
Woodland 
i 
v 
Redu c e 
Savanna 
Figure 9. The structure of the grassland frame 
processes effecting it. 
24.2.3 Description oT the Wood7and Frame 
and the 
The woodland vegetation is comprised of a developed tree canopy 
and a shrub layer, while the herbaceous vegetation is 
suppressed as a result of reduced light penetration. Little of 
the precipitation which reaches the ground is therefore 
intercepted by herbaceous plants and wi 11 pass to 1 ower-l yi ng 
soi 1 1 ayers. 
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The controlling parameter in the woodland frame is the degree 
of canopy closure. Canopy closure is manipulated as a real-
type variable which is allocated to one of four canopy classes 
from 2 to 5, by truncating the actual closure variable. Class 
1 indicates the closure 'found in the grassland frame. The 
remaining four classes indicate closure from low (2) to very 
high (5). While the canopy variable itself permits more 
sens it i ve hand 1 i ng' of canopy c 1 osu re, th.e canopy' class into 
which it falls facilitates easy interpretation of rules. 
Canopy closure is set to 2 when the model enters the woodland 
frame. Subsequent deve !.Dpment is determi ned by ra in fa 11 and 
fire,causing increases and decreases in canopy closure 
respect: i ve 1 y. Shou 1 d the canopy open to a certa in 1 i mi t, root 
competition again becomes .. the more i mp'ortant form of 
competition and the model switches back into the grassland 
frame. 
A transition to the grassland frame occurs under the following 
conditions: 
r If canopy closure decreases below two 
r If canopy closure is in class two there is a 30% chance 
that a 'transition will occur. 
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Additionally, 
r IF a transition to the grassland frame occurs THEN 
grassland height is set to 2. 
Fi re i ntens i ty is genera 11 y lowes't in th is frame. However, as 
the effetts of successive fires accumulate, higher mortalities 
of trees occur and canopy closure may decline. 
24.2.4 Rainra71 
Rainfall is ~he only totally indepeITdent variable in the model, 
and determi nes the rate at wh i ch the vegetati on and fue 1 load 
develop. 
For the purpose of· this simulation the quantity of rain is 
divided into two classes, high rainfall and low rainfal·l. Both 
quantities have an equal chance of occurring; 
24.2.5 Fire 
The occurrence and intensity of fire are dependent on the fuel 
that has accumulated since the previous burn, and the time of 
burn within the fire season. 
Fuel load is recorded as a real type variable in the model, to 
permit a more sensitive manipulation. The effect of fuel load, 
is evaluated in terms of one of six fuel load classes ranging 
126 
Stellenbosch University  https://scholar.sun.ac.za
from I no fue 1 I (c 1 ass 0) to I very heavy fue 1 load (c 1 ass 5). 
The classes are determined by truncating the fuel load ~alue. 
r Should the fuel load reach values exceeding 5, it will 
remain in class five. 
Once a fi re has occurred i. tis assumed that the ent ire fue 1 
load has been consumed and the fuel load var i ab 1 e is reset to 
o. 
A All fuel is removed by a fire 
The time d~ring the fire season when a fire can occur is either 
early or late. Together with the accumurated fuel the timing 
of a fire determines the fire intensity and subsequent impact 
on the vegetation. 
The time of the burn is then used to determine the intensity of 
a fire in terms of fuel load. The following rules apply: 
A IF Fire burns early THEN the fire is always cool 
r* I F a fi re occurs THEN there is a 50% chance that ear 1 y 
burn 9ccurs. 
r IF Fire burns late AND the fuel load is in class two THEN 
there is a 50% chance of a hot fire. 
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r IF Fire burns late AND the fuel load is in class three or 
higher THEN the fire is hot. 
The effect of fi re i ntens; ty ; s then eval uated together wi th 
the fuel load through a look-up table. 
24.2.6 The Errect or Grazing 
The response of the herbaceous layer to grazing is dependent on 
g ra Z i n g - i n ten sit y . L i g h t g r az i n g i sex p e c ted to s tim u 1 ate 
till er format i on and thus inc rease the compet;t i·veness of the 
grasses. Medi urn grazi ng i ntensi ty causes no change and hi gh 
grazing intensity reduces competitiveness. 
24.3 The P. ango7ensisModel 
The Pterocarpus ango 7 ens i s mode 1 wh i ch is interfaced wi th the 
savanna divides the. speciei into three distinct developmental 
stages. These are the seed and seedl; ng establ i shment stage, 
the suffrutex stage and the tree stage, each of whi ch is 
tre~ted separately in the model as described below. 
24.3.1 The Seed and Seed7ing Stage 
The seed stage extends from the time of seed production to the 
time when the seedlings are established. 
The mode 1 uses a cohort type approach ; n wh i ch a constant 
q~ant;ty of 2000 seed is fed- into the model. The controlling 
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rul es for seed producti on are provi ded under the tree stage 
where 'seed production' is reduced by the degree of competition 
with the surr6unding vegetation. The model reflects the 
findirigs of Vermeulen (1990) that: 
A The size of a seed crop is ~elated to stand openness. 
This is evaluated by the following type of rule: 
r* IF Canopy closure is in class 3 THEN reduce the cohort by 
a factor of 0.3 
Fu rther ru 1 es re 1 ate to .the effect of the rema in i ng canopy 
closure classes and the height classes i~ the grassland frame. 
As co~petition incr~ases fewer seed enter the model. 
The quant i ty of seed. 1 s stored in an 
enable the manipulation of one seed 
years 0 (current) to 2. 
array type ·variable to 
crop for 3 years, i.e. 
Establishment and development of seedlings is also modified by 
competition with other vegetation. 
A Low and high germination rates of seed are different in 
each savanna frame in response to the difference in 
competition between the frames. 
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In view of the effect of fire orr the germination of P. 
ango 7 ens i s seed (van Daa 1 en, 1991) it must be assumed that the 
seed of the previous year's crop is germinated, since seed are 
produced in the wet season. 
A The Seed of the previous year or earlier is germinated in 
a year. 
The effects of fire on germination have also been described by 
"an Daalen (1991L and the following rules apply: 
r IF fire intensity i~ low THEN germination rate is high 
r IF fire intensity is high THEN germination rate is low 
r IF No Fire occurs THEN germination rate is medium 
In accordance with the descriptions of Geldenhuys (1975) the 
seed are only viable for one to two years. 
A Seeds remain viable two years after the production of the 
fruit. 
r IF seeds age beyond two years THEN they die. 
Once the seed have been germi nated the mode 1 determi nes how 
many seedl i ngs are establ i shed ina gi ven envi ronment so that 
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they may enter the suffrutex stage. The differentiation 
between seed germination and seedling establishment means that 
even if no seedlings survive there is a reduction of the seed 
store. 
The number of seedl i ngswhi ch' enter the suffrutex stage is 
determined by the amount of rain (after Vermeulen 1~90) and the 
competition that "the plant must cope with in the suffrutex' 
-stage. (a fter Groome et a 7. 19?5b). Compet it ion is eva 1 uated in 
terms of prevalent· grassland height or canopy cl,osure, and in 
terms of rainfall as described below. 
A Recruitment rates of P. ango7ensis seedlings will be 
linked to rainfall. 
The following apply: 
A Seedlings which are unable to establish themselves in the 
year in which they sprout die. 
r IF rain i slow THEN estat;>l i shment rate of seedTi ngs is 
low 
r IF rai n is hi gh THEN establ; shment rate of seedl i ngs is 
high 
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Additionally, -competition in the grassland frame is evaluated 
by the following type of rule: 
r* IF savanna height is in class 3 THEN a ~roportion of 0.6 
of the seedlings may establish themselves, 
F~rther such_rules determine the effect of the remaining 
savanna height classes and the woodland can6py closure classes. 
As compet it ion increases sma ll.er proport ions· of plants enter 
the next stage. 
24.3.2 The SUTTrutex Stage 
This stage extends from the time that a seedling is established 
to the time that it develops. its first permanent shoot. 
The suffrutex pl ants whi ch are mani pul ated in the model are 
stored ina complex variable. This complex variable monitors 
the quant i ty of plants, the t; me they requ ire unt i 1 they may 
emerge from the suffrutex stage, and the current aQe of the 
plants. 
The 1 ength of the 
(von Breitenbach 
(Vermeulen 1990). 
is approximately 10 suffrutex stage 
1973) but is extended by frequent 
default time The model provides a 
years which the ~lant must remaih in the suffrutex stage. 
132 
years 
fire 
of· 10 
Stellenbosch University  https://scholar.sun.ac.za
A For the purposes of the model a suffrutex can not grow 
older th~n 20 years 
r IF a suffrutex grows older· than 20 years THEN it dies 
r*. IF successive fires occur THEN extend the suffrutex stage 
by 2 years 
A suffrutex may survive fora number of years under other woody 
vegetation, ~nd grow if the other vegetation is removed (Boaler 
and Schiwale 1966). 
r* IF competition is medium in the woodland frame THEN 
extend fhe suffrutex stage by one year. 
r IF competition is high in the woodland frame THEN extend 
the suffrutex stage by 2 years. 
24. 3. 3 The Tre.e Stage 
The final stage extends from the time that the first permanent 
shoot is produced to the plant's death of old age. 
A Trees have a life expectancy of 
Vermeulen 1990); 
100 years (after 
r IF a tree grows older than 100 years THEN the tree dies. 
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r* IF competition in the woodland frame is high for five 
years THEN a ~roportion of trees die. 
Fruit are produce;d at age 20 (Vermeulen 1990). Since Vermeulen 
provides no further detail the model asSumes that he is 
referring to 20 years after th~ first permanent shoot has been 
formed. Since them.ode 1 uses a cohort approach to follow the 
development of the P. ango7e~sis population the se~d producing 
trees are primarily used to determine if the .population may 
pr6duce plants which reach reproductive maturity. 
A IF a tree is older than 20 THEN seed is produced. 
The correlation between size of' seed crop and the degree of 
o'p e nne s s 0 f t h 'e v e get at ion ( Aft e r von B rei ten b a c h 1 97 3 ) was 
described under IThe Seed and Seedlings Stage l • 
Mature trees are killed by frequent fires 
r* IF successive fires occur THEN a proportion of mature 
trees die. 
25. NECESSARY MODIFICATIONS 
The sensitivity of trees to fire or canopy closure is reflected 
in the survival (rate) of such plants for a specific period. 
The most meaningful period over which survival must be measured 
-
extends from the time that plants emerge from the suffrutex 
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stage to reproduct i ve maturi ty at 20 years. All comparisons 
concerning tree survival are therefore based ori this period. 
Due to the impact·of savanna development on the younger stages 
of P. ango 7 ens is the mode 1 was modi fi ed to ; nvest i gate tree 
survival. Instead of i ntroduci ng a new cohort of seed at. the 
start of every year in the simulation, a cohort of saplings was 
introduced. This simplified the interpretation of the model 
significantly. 
26. MODELLING PROCEDURES 
26.1 The Sav~nna Model 
Initial simulations indicated that the number of P. ango7ensis 
seed produced by the model is strongly related to the time that 
the simulation remained in the ~rassland frame. Th~ time that 
the model requi res to reach woodl and status, was therefore 
considered highly significant. 
The mean time to woodland was also considered to be a measure 
of the combi ned effects of the factors whi ch affect savanna 
grass 1 and deve 1 opment. To invest; gate these i nfl uences one 
thousand runs of a maximum possible time of two hundred years 
were ·run for each of three levels of the factors under 
cons; derat ion, and for fi ve percent i nterva 1 s 
probability of fire from zero to one hundred. 
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Each simulation was initiated, at the lowest competition level 
in the grassland frame and run until it reached woodland 
status. The time was then recorded. At the end of one 
thousand simulations a mean was calculat.ed for those runs which 
reached woodland status at each probability level. 
For extreme sett i ngs woodl and status was not' reached by all 
iterations within the two hundred year limit of the model. To 
faci 1 itate compari sons only those repetition where 990 
i terat ions' or more reached woodl and status were used in the 
evaluation, as indicated above. 
The deve 1 opment of the woodl and frame was invest i gated ina 
similar manner; the model was initiated in the lowest canopy 
cl ass rather than: in the grassl and frame. The mean time to 
full canopy closure (canopy class 5) was taken as the measure 
of interest. 
26.2 The P. angolensis Model 
26.2.1 Surrrutex Survival 
The development of suffrutex survival must be viewed in terms 
of the model algorithms as follows: The mode 1 evaluates the 
cumu 1 at i ve effect of fi re by summi ng the t heat t of fi res over 
the last few years (a maximum of five years), but independently 
of f'ue 1 loads. Once the total heat exceeds a tolerance 
threshold the suffrutex stage is extended by a year. 
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Since the model limits the survival of plants in the suf.frutex 
stage to a maximum of 20 years, repeated extensions in the time 
that the plant requires to reach sapling state eventually 
result in the death of the plant. 
To invest i gate 
suffrutex stage 
the deve 1 opment of 
the effects of a 
P. angolensis through the 
number of factors which 
i nfl uence suffrutex survi val' were si mul ated. The effects of 
changes in model parameters were measured in terms, of the 
'proportion of the plants entering the sapling stage. 
26.2.2 Tree Surviva7 
Apart from usi ng the modi fi cati ons to the model as descri bed 
above, the e.ffect of fire'on tree survival was evaluated by 
accumulating the intensity of fires over a spec i fiedi nterva 1 
and comparing the periodic total to a given threshold value. 
When the thresho 1 d was exceeded, a proport i on of trees were 
removed from the model. 
The effect of canopy closure on tree mortality was investigated 
in a simila~ manner. 
27. EVALUATION OF THE MODEL 
The evaluation of the savanna and the integrated P. ango7ensis 
models was based on the interpretation of graphic output. Due 
to the IF-THEN-rule based nature of the two models the 
magnitude of the variables in the model is of lesser importance 
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than the relationship between variables. Similarly, the 
i nterpretat ion of the graphs rests on . qua 1 itat i ve di fferences 
rather than on the comparison of actual values. 
27.1 Fire Occurrence 
Before the eva 1 uat i on of the mode 1 commenced the re 1 ati onshi p 
between the probability with which a fire would occur and the 
actua 1 occu rrence of fire . was invest i gated. To do so, 1000 
ite~ations of· 200 years were run and the~umber of fires 
counted. Thi s method not on 1 y provi ded an i ridi cat i on of the 
sought after relationship but a 1 so. provided an i ndi cat i on of 
the vari ance of fi re occurrence for a gi ven probabi 1 i ty of 
fire. 
Compar 1 sons· between the fi re probabi 1 i ty and actua 1·· occu r rence 
of fi res were made at i nterva 1 s of 5% probabi 1 i ty from 0% to 
100%. The resultant relationship is indicated in figure 10. 
The graph shows that the frequency with which a fire occurs is 
di rect 1 y proport i ana 1 to the fi re probabi 1 i ty. On the other 
hand, the graph clearly indicates that the variance of "the fire 
frequency changes with changing fire probability. 
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Figure 10. The relationship between the probability of fire 
and the mean number of actual occurrences, based on 
1000 simulations of 200 years. 
The variance shows an increase in the lower fifty percent of 
the probability of fire to reach its maximum at fifty percent. 
The variance subsequently decreases to reach zero at 100 
percent probability. 
The low variance shown during the initial stages of the graph 
are a · result of the greater portions of 'no fires' as opposed 
to the exact opposite at higher probabilities. 
Figure 11, on the other hand, shows the relationship between 
the probability with which a fire may occur, and the mean time 
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between actual fires. The graph shows, that the time between 
burns decreases sharply as fire probability increases. 
Mean Interval Between F"I,... 
20r------------------------------------------------------------------, 
15 
10 
5 
O~~~~~~~~~~~~ 
o 5 10 15 20 25 30 35 ~O ~5 50 55 80 65 70 75 80 85 gO g5100 
Probability of Flre 
Figure 11. The relationship between the probability of fire 
and the mean intervals between actual occurrenceS 
of fire. 
27.2 Fuel Load Development 
The results of the simulations investigating the development of 
the fuel load under low, medium and high fuel accumulation 
rates are provi ded in Fi gure 12. During the simulations the 
amount of fuel which was able to accumulate between fires was 
recorded and the average was calculated for each fire 
probability level. All simulations were initiated at the 
lowest compet i tion level in the grassland frame. 
140 
Stellenbosch University  https://scholar.sun.ac.za
Fuel Load S~~~~-----------------------------------------------. 
1 
O~~--+-~--~--~-+--~--~~--+-~--~--~-+--~--~~--~~ 
S is 215 sa 415 1515 as 715 815 815 
Probability of Fire 
Fuel Aooumulatlon 
--- Low ---*""- Medium -M- High 
Figure 12. The development of the mean fuel load between fires 
subj ect to low, medium and high fuel accumulation 
rates. 
The development of the fuel load is important since the model 
assumes that fire intensity is linked to the fuel load. 
Considering the development of the fuel load, fires at low fir~ 
frequency are on average hotter than at higher frequency. As a 
consequence the ability of the vegetation to develop is 
dictated by its ability to absorb fire damage and to recover to 
pre-fire levels. 
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27.3 Mean Time to Woodland In the Savanna Frame 
27.3.1 The Effecr of Fire Frequency 
The effect of fi re frequency was invest i gated by cons i der i ng 
the mean time to woodland in re 1 at i on to the probabi 1 i ty of 
fire. 
Repet it ions wi th different fue 1 accumu 1 at i on rates and damage 
to the vegetation as a result. of fi rei ndi cated that fire 
frequency cannot be viewed in isolation. 
27. 3 .. 2 Fue 7 Load Accumu 7.ar ion Rares 
The effect of fuel load accumulation rates was investigated in 
conjunction with changes in fire frequency. The results are 
given in Figure 13. 
As fue 1 accumu 1 at i on rates decrease the rate of increases in 
mean time b~come very much less pronounced. 
On the other hand, if fuel load is able to increase rapidly the 
mean time will not stabilize, given the time limit of the 
simulation. Rather, the vegetation is unable to reach the 
woodland frame at all. 
The effect offue 1 accumulation is concentrated primarily on 
the medium and high fire frequencies. 
142 
Stellenbosch University  https://scholar.sun.ac.za
~ar. In (ir_land 
a5~--------------------------------------------------------' 
30 
25 
20 
151-~~~~--------------------------------------~ 
10 
0~~~--~-4--~-+--~-+--L-~--~~~~~~--;-~--~~~ 
o 10 20 30 40 ao eo 70 80 80 100 
Probability of Fire 
Fuel Aooumulatlon 
-Low -+-- Medium ........... Hlgh 
Figure 13. Comparing the effect of three levels of fuel load 
accumulation on the average time that the model 
remains in the grassland frame. Low, medium and 
high accumulation rates are 0.5, 1.0 and 1.5 
respectively during low rainfall years, and double 
the amounts for high rainfall. 
Further investigations showed that fuel load development plays 
a key role in the relationship between fire damage, fire 
frequency and the mean time to woodland. 
27.3.3 Decreases in Vegetation Cover due to Fire Damage 
The importance of damage to the vegetation was also 
investigated in conjunction with fire frequency, and the 
results compared graphically in Figure 14. 
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At low fire damage the mean time to woodland increased rap i dly 
to reach a maxi mum at a fi re probabi 1 i ty of 0.35. Mean time 
then decreases with increasing probability of fire. 
"'-are In Gra_land 80r-------------------------------------------------------------, 
eo 
... 0 
0~~--+_~--~--~_+--~~--~--~~--4_~~~--~_4--~--r_~~ 
o 10 20 so 
-+- Low 
40 eo eo 70 
Probability of Fire 
Fire Damage 
---.- Medium -e- High 
80 80 100 
Figure 14. Comparing the effects of three levels of damage on 
the mean time that the simulation remains in the 
grassland frame. 
For medium damage the vegetation the mean time to woodland 
increases sharply with increasing fire frequency. Mean time 
then stabilises at 0.35 fire probability and little further 
increase in time occurs. 
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For extreme settings in damage rates there is a sharp increase 
in time until 0.8 fire probability. After this point the 
simulation rarely reaches woodland status. 
27.3.4 Damage ~o Vege~a~ion due ~o Ho~ Fires 
Damage by hot fires was investigated by reducing damage rates 
at lower fuel loads to zero, and increasing them for the high~r 
fue 1 load classes, Damage rates by 1 ess intense fi re was 
subsequent 1 y increased,' The resu 1 ts of the s i mu 1 at i.on are 
given in Figure 15, 
If only those fires which burn high fuel loads cause reductions 
in the height of th~ grassland, then woodland status is 
much sooner than under condi t ions where the burn; ng 
re,ached 
of low 
loads~lso c~use significant damage, This differe~ce is 
especially visible when the probability of fire is high, 
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Figure 15. The effect of damage caused by fires which consume 
low fuel loads, on the mean time that the 
vegetation remains in the grassland frame. Three 
levels are compared. 
27.3.5 The Errect or Fire Season 
To determine the effect of fire season one thousand iterations 
of 200 time steps were run respectively for early burning only, 
late burning only and equal likelihood of early or late 
burning. The resultant means were calculated and are depicted 
in Figures 16a and 16b. 
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Figure 16. The effect of the timing of a burn on the time that 
the vegetation remains in the grassland frame. The 
graphs compare burning under the influence of (a) 
medium and (b) high fuel accumulation rates. 
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Figure 16a· shows that implementation of early burning reduces 
the average time that the savanna requires to reach woodland 
status. Random early or iate burning results in longer periods 
while late burning requires the longest time. 
Further investigations showed that this effect is enhanced by 
fuel load development. High fuel load accUmulation rates. 
accentuate the differences between the ,times of burning. These 
differences· are apparent when figures 16a and16b are c·ompared. 
27.3.6 Effect of Growth Rate 
Figure 17 shows that high growth rates suppress the initial, 
rapi d inc rease;i n mean time to wood 1 and,· wh i ch was prev i ous ly 
associated with low fire frequencies. 
As growth rate is reduced, the mean time increases with 
increasing fire frequency, but the vegetation is still able to 
reach the woodland frame. 
To defermi ne the influence of the growth rate sett i ngs in 
relation to the damage caused by fire a number of simulations 
where both fl re damage and hei ght growth were increased ·were 
run. The resulting graphs of the mean time to woodland vs. 
fire probability showed, that the influence of each of the two 
factors domi nates at di fferent . fi re frequenci es. 
Figure 14. for comparison. 
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Figure 17. The average time that the model remains in the 
grassland frame, subject to low, medium and high 
savanna growth rates, and in the presence of 
increasing fire frequency. 
When the damage caused by hot fires is high and cooler fires 
cause less damage, influences are primarily visible at higher 
fire frequencies. 
At lower frequencies the growth rate dominates development. On 
the other hand at very high fire frequencies the difference 
between the damage to the vegetation and the growth rate is 
most important. 
149 
Stellenbosch University  https://scholar.sun.ac.za
27.4 Mean Time to Full Canopy Closure in the Woodland Frame 
The time required for the savanna to attain full canopy closure 
is dependent on a combination of the factors which affect the 
woodland development. To evaluate the significance of each of 
these factors the model was initiated in the lowest form of the 
wood 1 and frame, wi t h canopy c 1 osu re inc 1 ass 2 I and ended once 
the woodland had attained a closed canopy (class 5). 
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Figure 18. The relationship between fire frequency and the 
mean t; me to fu 11 canopy c 1 osu re for changes in 
fuel accumulation rates and changes in canopy 
closure. 
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The mean ti me to tota 1 canopy closure in re 1 at i on to fire 
frequency follows the same trend as the mean time to woodland 
of the gra~sland frame. The effect of changes in fuel 
accumulation and canopy closure rate are shown in figure 18. 
The similatities in the development of the two vegetation types 
are pri mari 1 y due to the si mi 1 ari ties between the al gori thms 
which simulate them, and reflect the balance between the growth 
of the vegetation and the damage inflicted upon it. 
27.5 The Pterocarpusango7ensis overlay 
27.5.1 Seed Production 
tnitialsimulations indicated that the_amount of seed produced 
is closely linked to the time that the model remains in the 
grassland frame. 
To obtain further evidence of this relationship the effect of 
savanna height growth and fuel accumulation on seed production 
was i nvesti gat~d. Fi gure 19 shows simi 1 ar trends to those of 
grass 1 and deve 1 opment in the presence of changi ng· fue 1 
accumulation and height growth. (See Figures 13 and 17 for 
comparison) 
According to the graphs 
in the mean time to 
i n Fig u r e s1 3 , 1 7 and 1 9 , an 
woodland due to manipulation 
increase 
of the 
i nfl uenci ng factors coi nci des wi th an increase in the tota 1 
amount of seed produced. 
151 
Stellenbosch University  https://scholar.sun.ac.za
F H 
u 
e 
1 
A 
c 
c 
u 
.m 
u 
1 M 
a 
t 
o 
n 
L 
Height Growth Rates 
Low Medium Hi gh 
Seed Produoed s..d Produced s..d Produced 
Probability of Flre 
••• a ••• " •••••••••• .,. •••• te ••••• ,,··· 
Probability of F1re Probability of F1re 
Seed Produced Seed Produced S .. d Produced 
........ ,. •••• te ••••• .,.. . . . . . ,. . 
Probability of Flr. Probability of F1re Probability of F1re 
S •• d Produced 
~--------------~ 
Seed Produced ~S .. ~d,-!P:..!.rod~u~ce~d!t..-____ ---, 
l:: : : : : : : : : : : :: : : : : : I 
. . . . . ,. . . . . . . . . ~ . . - .......,.. 
Probability of Flr. Probability of Fire Probability of Flr. 
Figure 19. The amount of seed produced in the grassland frame 
while the grassland is subjected to a ) different 
fuel accumulation rates and b ) savanna height 
growth rates. 
A similar relationship was found to exist between seed 
production and the time to canopy closure in the woodland 
frame. The amount of seed produced in the woodland i s 
genera l ly lower due to competition wi th the surrounding 
vegetation - as defined by the model. 
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27.5.2SeecJ Germination and Seed7ing Estab7ishment 
Fi gu res 20a and 20b show ·the re 1 at i onsh i p between the tota 1 
number of established seedlings and the effect of fuel 
accumulation and height grbwth respectively (See also figure 13 
for a compari son) . Fi gure 21 depi cts the proport i on of seed 
which may germinate in a given year in ~esponse to changes in 
fire frequency. 
As fi re frequency increases, thecorrespondi ng decl i ne in the 
average. fi re i ntens it y 1 eads to an·. i nc rease in the average 
proportion of seed germinating. 
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Figure 20. The effect of a) fuel accumulation, and b) height 
growth rate on the number of seed which germinate 
in the grassland frame. 
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Figure 21. The proportion of seed germinating in response to 
changes in fire frequency. The three graphs show 
the effect of three levels of germination rates. 
The trend of seedling establishment in the woodland frame is 
once again similar to that in the grassland frame. However, 
due to the lower seed production in the woodland frame the 
total number of established seedlings is much lower. 
27.5.3 SUTTrutex Survival and the Establishment oT Saplings 
This section evaluates the effect of a number of factors on the 
survival rates of suffrutex plants in the grassland frame. The 
factors which were investigated are fuel accumulat i on, the time 
of burni ng, hei ght growth and the sensi t i vi ty of suffrutex 
plants to fire damage and to competition. 
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The results of these simulations are provided graph i cally in 
Figure 22, Figures 23a and 23b and Figure 24 
Survival ot Sutfrutex Planta 
1~----------------------------------------------------------~ 
0.8 
0.8 
0,2 
O~-L--+--L __ +-~ __ ~~ __ ~ __ ~-+ __ ~-+ __ ~~ __ ~ __ ~-L __ +-~~. 
o 10 20 so 40 ao 80 70 80 80 100 
Probability of Fire 
Savannah Growth Rata 
-Low -+- Medium -.- Hlah 
Figure 22. The effect of change in savanna height growth on 
the number of suffrutex plants which reach the 
sapling stage. 
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.Figure 23. The relationship between suffrutex survival in the 
grassland frame and fire frequency, influenced by 
a) fuel accumulation rates, and b) time of burning. 
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Figure 24. The survival of suffrutex plants subj ect to three 
levels of competition in the presence of increasing 
fire frequency. 
Figure 22 as well as Figures 23a and 23b show that suffrutex 
survival increases slightly with fire frequency, while the 
probability of fire remains below 50%. Once this threshold is 
exceeded the proportion of surviving plants starts to decline. 
The greatest differences are visible in Figure 22, where 
survival as a whole is reduced as savanna growth rate 
increases. On the other hand, Figure 17 indicates that the 
time required by the savanna to develop to woodland status is 
reduced if grassland height growth increases. Therefore, while 
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the savanna develops rapidly -suffrutexes have to cope with a 
higher degree of competition as a whole. 
27.5.4 Survival '0" Trees to Maturity 
The effects of fire damage and competition on the survival of 
trees to reproductive maturity w~re investigated. The results 
of the simulations are provided in Figures 25a and 25b. To 
ass; st wi th the i nterpretat i on of the graphs, the parameter 
settings for the simulations are provided in tables 14 and 15. 
Table 14. Parameter sett i ngs to invest i gate the sens it i vi ty 
of P.ango7ensis trees to fire damage. The fi rst 
line in the table is interpreted as follows: If 
cumulative fire intensity exceeds 6 within five 
years then mortality occurs. The mortality rate in 
turn is determi ned by the fuel load of the 1 at est 
fire. 
Cumulative 
Sensitivity Fire intensity Period 
Low J 6 5 
High 3 3 
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Table 15. Parameter sett i ngs to invest i gate the sensi t i vi ty 
of P. ango7ensis to canopy closure. The fi rst .1 ine 
in the table is inter~reted as follows: If 
cumulative cariopy closure exceeds.29 within 5 years 
then therei s a 20% mortal tty of tree.s. 
Cumulative 
Sensitivity Canopy Closure Period Mortality 
Low 29 5 0.2 
Medium 27 5 0.2 
High 20 5 0.2 
The graphs show that the suscepti bi 1 i ty of the popu 1 at i on to 
fire damage is most important at medium fire frequencies. 
Conversely, a high degree of tree survival is experienced when 
frequencies are very low br very.high. This trend is a result 
of the interaction between fire fre~uency, fuel load 
development and fire intensity. 
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Figu~e 25. The survival of trees subject to their sensitivity 
to a) damage by fire, and b) canopy closure. 
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27.5.5 Comparing the Effect of Fire on Development 
In order to determi ne di fferences in management requi rements 
for the di fferent developmental stages of P. ango7ensis, the 
effect of fire on the different stages was compared. The model 
was initiated in the grassland stage, and continued until the 
woodland stage was reached. 
The fire regimes were based on fuel load. A fire occurred only 
once a given fue 1 load class was reached. The graph in figure 
26 shows the survival rates of plants under the burning regimes 
based on fuel load classes from 1 to 5. 
ProportIon of Surviving Plants 
1 r-----------------------------------------------------~ 
0,83 0.83 0,85 0,86 0,86 
0.8 
0.6 
o 
0.4 
0.2 
o L-II ............... _ 
Fuel Load Cla_ 
Stag. 
~ Suffrutex c::J Tree _ ReproductIve Tree 
Figure 26. The effect of fuel load based burning \ regimes on 
the survival of P . ango7ensis plants. 
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Fi gure 26 shows that the tested 
stages of plant development 
regi mes affect the di fferent 
differently. While the 
establishment of suffrutex plants is highest at a low fuel load 
based fire regime, the survival of suffrutex plants to the tree 
stag~is higher at higher fuel load induced fires. 
28. DISCUSSION 
28.1 Savanna Vegetation Development 
During the evaluation of the model it became ev~dent that both 
the occurrence of a fi re and the non-occurrence of fi re have 
strong implications for the de~elopment of the savanna. While 
a fi~e reduces vegetation cover, th~ period between fires 
permi ts plant deve 1 opment. The same per i ods, however, al so 
permit the accumulation of fuel which in turn affect the amount 
of damage inflicted on the vegetation.with the next burn. 
The results provided by the model imply that the periods 
between fires and the· associated fuel development are of 
greater importance for the savanna than the occu~rence of. the 
fire itself. The eventual burn merely causes the damage 
dictated by the acCumulated fuel. The magnitude of the impact 
depends on the resilience ~f the vegetation. 
I n genera 1, th ree bas i c states of fi na 1 vegetat i on may be 
identified at the end of a 200 year simulation. These states 
areas follows, given that the simulation is .initiated in the 
grassland frame: 
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Permanent Grass7and:- occurs when the damage caused by fire to 
the savanna is so great th~t the vegetation is unable to 
recov~r before the next burn. 
Permanent Wood7and:- occurs when the savanna is able to develop 
through the grassl and and woodl and frames. In thi s case fi re 
damage to the savanna is less than grassland height growth or 
woodland canopy closure. 
F7 uctuat i on between Grass 7 and and Wood7 and:- occurs when 
conditions are favourable for the vegetation to develop beyond 
the grassland frame, while conditions are unfavourable for 
canopy development. 
The parameters which determine the reductions in savanna height 
or canopy cover as a result of fire represent the resistance of 
the vegetation to fire damage. On the otner hand, the 
parameters which govern growth rate represent the rate at which 
the vegetation recovers after fire, as well as its capacity to 
deve lop from one 1 eve 1 of vegetat i on to the next. Vegetat ion 
hardiness and growth rate take effect at different fire 
frequencies. 
Accordi ng to the model the· effect of change in fi re frequency 
on vegetat ion deve 1 opment depends on the res i stance of the 
vegetation to the subsequent fire intensity, and on the ability 
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of p1 ants to recover between burns. A lower fi re frequency 
will, for instance, lead to a higher intensity of the average 
fire. If this intensity exceeds a certain (damage) threshold 
value the vegetation may deteriorate rather than develop 
towards a closed woodland. 
On the other hand an increase in fi re frequency resu 1 ts ina 
lower average fire intensity. This in turn may favour 
development towards closed woodland status. The simplified 
relationship between the fire interval and the intensity of 
fires is provided in Figure 27. 
Increase 
. in Fi re 
~Intensity . 
Increase .----- ! 
.--- - _____ > i nth e 
inc r e ase 
I 
Fi re 
Interval 
dec reas e 
-----.---~,.. 
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<::~ . _ Red u c t ion 
_____ inwood y 
Vegetation 
Reduction 
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~Intensity 
Increase~ If· 
in Vloody 
Vegetation 
-------- Reduct ion ~ in the 
Grass Cover 
Figure 27. The relationship between fire interval 
intensity of fire. 
and the 
Generally, the resistance of the vegetation to fire and rate of 
growth between fi res determi nes the abi 1 i ty of the vegetat ion 
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to maintain or reach any level of development under a given 
fire regime; The same factors also influence the time it takes 
to develop from one level to another. 
More specifically, however, 
damage, and recovery rate) 
the two factors (resistance to 
determine the ability of the 
vegetation to develop from grassland to woodland status. Once 
the woodland state is reached these factors determine the 
ability bf the vegetation to maintain this status or to develop 
towards total canopy closure.-
According to the ~odel regular late burning retards the 
development of the savanna. Regular early burning on the other 
hand allows the model to reach woodl and status much sooner. 
This trendi s a direct consequence· of the difference in fire 
intensity which the model associate~ with the different 
seasons, and the consequent damage to the 0egetation. 
28.2 P. ango7ensis development 
28.2. 1 Se.ed Product ion 
The simulations showed that the amount of seed produced by the 
model is very closely related to the time that the savanna 
requires to reach woodland status. 
Total seed product ion is therefore enhanced by those factors 
whi ch promot~ an open vegetati on, or 
development of the vegetation to woodland 
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shows that savanna growth may have particularly significant 
effects. 
These results are iri con~ert with the findings of von 
Breitenbach (1973) who reported heavy fruit crops particularly 
in open areas. The seed crop is reduced, however, by the 
competition from the surrounding vegetation. 
28.2.2 Seed7ing and Surrrutex Estab7ishment 
The total number of seeds which are abl'e to germinate while the 
system is in the grassland frame is dependent on the 
de~elopment time to woodland status, as well as the germination 
rate each year. Thi s' total is affected by the effect of fi re 
on the germination rate of seed itself. 
The factors wh i ch retard savanna deve 1 opment therefore resu 1 t 
in an increase in the tota 1 product i on of seed. I t must be 
kept -i n mi nd, howev'er, that whi 1 e fi re may retard savanna 
development it may also cause some mortality to seed producing 
trees and cause subsequent decreasesi n seed production; Due 
to the cohort approach this ,effect' of fire cannot be tested 
directly. 
According to 
highest when 
the model, annual seedl i ng establ i shment 
annual fires occur, but the total number 
is 
of 
seedlings produced in a simulation is less than at lower fire 
frequency since the mean time to woodland is reduced. 
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From figures 20 and 21 it is apparent that the rules which link 
fi re' intensity and germi nati on rate take effect at di fferent 
fi re frequenci es. Fi gure . 12 showed that mean fue 1 load is 
higher at low fire frequencies. ,Since high fuel loads always 
cause hot fires especially when burns are 1ate, germination is 
mostly low in the pr~~ence of fire while burns are infrequent. 
The effect of ra i nfa 11 on seed 1 i hg estab 1 i shment was 
investigated by manipulating the establ~~hment rates since 
seedling establishment is closely related to rainfall. The 
resu 1 ts showed that the increased rates resu 1 ted· in an h; gher 
percentage of seedlings enteringthesuffrutex stage. 
28.2.3 SUTTru~ex Surviva7 
The overall survival of suffrutex plants ;s strongly affected 
by fire intensity. This is reflected in the relationship 
between fuel accumulation and plant survival. According to the 
model suffrutex survi val at med; urn fi re frequenc; es is hi gh. 
Subsequent, increases in fire frequency, on the other hand, 
increase mortaJity rates. 
Further simulations indicate, however, that the time of burning 
has a visibly greater effect on suffrutex survival than fuel 
accumulation. The model assumes that early burns are always of 
low intensity, reducing the impact of fire on the plants. 
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The results of the model also indicate that plant mortality d~e 
to fir~ damage and competition takes effect at different fire 
frequenci es. Whi 1 e the sensi t i vi ty· of the suffrutex to. fi re 
predominates at higher fire frequency, the importance of 
competition becomes greater at low fire frequency, when 
vegetation development is faster. 
28.2.4 Tree Surviva7 
Tree survi va 1 in response to compet it ion and damage· by . fi re 
take effect at different fi re frequenci es. The model· showed 
that where plants are less exposed to fire damage due to lower 
fire frequencies, they are increasingly susceptible to 
mortality caused by competition caused by an increase in plant 
cover. 
Although the heavy fuel loads associated with low fi re . 
frequencies cause more intense burns, trees ate able to recover 
before the next fi re occurs. As fi re frequency is increased 
the· repeated occurrence of f·i re overcomes the res i stance of 
trees and mortality ocCurs. The 
increases wi th fi re frequency, but 
prevent fuel build-up. 
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PART 7. DISCUSSION 
29. SAVANNA MANAGEMENT 
The review of the literature, the enumeration of a section of 
woodland ~egetation ,and the evaluation of the simulation model 
have provided information which may be used to develop 
management strategi es for savanna woodl ands. For' any 
management to bemeani ngful , however, it must be directed to-
the attainment of clearly defined goals. 
There are a number of potential goals which may be aimed for -
sustained yield of a particular resource, or the development of 
a closed· woodland· - each of which necessitate their own 
, management- strategies. These goals in turn depend on the 
requirements of the '1 oca 1 communi ties or the goal s of the 
authorities. 
The model in particular has emphasized that the development of 
the savanna is a result of long term influen~e of environmental 
factors on the vegetati on. Thi s was to some degree supported 
by the fi eld observat ions whi ch showed that di fferent 
management practices had resulted in structural differences 
(particula~ly growth forms and species) of the vegetation. 
In pract ice, however, vegetat i on management is rest ri cted to 
only a f~w options. These include fire management, management 
of grazing animals and some silvicultural activities such as 
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i n t e r - p 1 ant i h g 0 r t h inn i n g . Sin c e the pot en t 1 a 1 goa 1 s are 
manifold, the paragraphs below discuss the potential impact of 
these management activities on the vegetation. 
29.1 Fire 
While the effects of fire have been dealt with in some detail 
duri ng the eval uat i on of the mode 1, a few poi nts need to be 
highlighted. 
The model assumes that the eff~ct. of -fire is primarily 
manifested in its intensity, and the ability of the vegetation 
to withstand the effects of a burn. While fire frequency plays 
an im~ortant role, its effect on the vegetation can be measu~~d 
in terms of cumulative intensity. 
In the event that a vegetation is able to survive one fire but 
is unable to recuperate to pre-fire levels before the next 
burn, it wi 11 deteri orate. I f the vegetat ion is unab 1 e to 
. withstand the ef~ects of a burn, it will als6 deteriorate. The 
same principle applies to the effect of cumulative fire 
intensity. While plants may withstand a number of fires in a 
row, they may be killed in the long term: 
Th is approach to the effect of fi re suggests that its impact 
may be regul ated by modi fyi ng fi re i ntensi ty and cumul at ive 
intensity. Depending on the vegetation to be promoted this may 
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be done by prevent i ng fi res, 
manipulating the fuel load. 
scheduling burns, or by 
If fire is totally excluded flammable material will build up. 
The eventual burning of such an accumulated fuel load would 
result in a very high fire intensity and a resulting high level 
of damage. In practice, the total exclusion of fire is 
difficult to attain in Namibia due to the large areas involved, 
and the limi~edresources available. 
The i mpl ementati on of a burni ng regi me is perhaps the most 
difficult management technique to implement, si~ce it must 
consider the time of burn as well as the frequency. Whi 1e the 
model indicates that consisten~ early burning will promote the 
deve 1 opment of the savanna towards wood 1 and th i s effect is 
modified by the cumulative fire intensity. 
If fires are too frequent for the current vegetation to absorb 
or if the fuel accumulates at such a rate that fires are very 
intense despite the scheduling, vegetation development will be 
towards grassland. Fuel load development may be manipulated by 
th~ removal of som~ material. 
Excessive fuel build-up may therefore be prevented in a number 
of ways: 
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periodic burning may be implemented to reduce the .amount 
of accumulated fuel, although this consideration must be 
incorporated in the burning regime as a whole; 
a burn i ng regi me may be· imp 1 emented whi ch promotes the 
establishment of a vegetation which produces iittle fuel; 
or 
fuel may be physically removed by introducing grazing or 
even by removing flammable material by hand, for instance 
through controlled c~llection of fire wood or thatch. 
In general terms, the effect of frequent fires on the 
vegetat ion is such. that it may enhance the cond it ions fo r 
further burning., i.e. by promoting grassland. Simultaneously, 
however, repeated burni ng wi 11 encourage the development of a 
vegetation that may withstand theefrect of fires. 
29.2 Herbivory 
The field study indicated that differences in grazing 
~anagement promotes different veg~tation types. _ (For instance, 
a hi gher grazi ng pressure on farm Rooi dag. coi nci ded wi th a 
ta 11 er woody vegetat i on component than. di d the absence of 
grazing in the communal area.) This is primarily due to two 
effects. 
As i ndi cated above, the remova 1 of grass fuel s modi fi es. the 
effect of fire by reducing the fuel. load and may therefore 
lower fire intensity. In addition the smaller amounts of grass 
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fuels reduce the likelihood of fire, since these fuels are more 
flammable. 
On the other hand, a reduct i on in the herbaceous cover a 1 so 
enhances the i nfi 1 trat i on of water to lower 1 yi ng soi 1 1 ayers. 
thus promot i ng the growth of the woody vegetat i on component. 
This effect of course depends on the intensity of grazing since 
low intensity grazing may encourage the formation of tillers on 
perenni al grass. pl ants and therefore promotes the herbaceous 
j 
Very high herbivore density may also affect the regeneration of 
woody plants adverse 1 y. Once the herbaceous cover has been 
reduced herbivores will make use of regenerative material. The 
literature review indicated, for instance, that P. ango7ensis 
seedlings would be eaten by Kudu (von Breitenbach 1973). 
29.3 Silviculture 
~ 
Although ~he implementation ofsilvicul~ural practices has not 
b~en discussed separately, the results of the model as well as 
some previ ous experi ences in the study area permi t certa in 
speculation in this regard. 
The model ; ndi cates that a hi gher growth rate in the savanna 
significantly reduces the time that the vegetation requires to 
attain woodland status. Depending on the. goals to be achieved 
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the growth of specific trees might be enhanced by the removal 
of 60mpeting herbac~ous material. 
Practices such as inter-planting have a limited possibility of 
success. An attempt to establish an arboretum ,in the vicinity 
of the study area showed that seedlings required regular 
watering. Even if this may had been financi"ally viable in the 
long term the watered plants represented the only green plant 
material in-the vicinity, especially during the dry season, and 
were severely damaged by small antilope and ants (pers. obs.). 
On the other hand, it may be possi bl e to encourage the 
development of the woody vegetation by applying seed directly. 
S~ch practices must, however, be investigated further. 
Thinning of the woody vegetation would cause a slower canopy 
closure rate and therefore retard the progression of the 
savanna towards woodland status. The type of thinning which is 
most applicable must be determined. Due to the low number of 
trees found in the study area it is unlikely that their removal 
will have significant impact on the remaining woody vegetation. 
It must also be considered that many of the plants may coppice, 
and that the thinning may cause the exact opposite effect, i.e. 
cause more rapid canopy closure. This may of course be 
intent i ona 11 y done, but the spec i es compos it ion i h the area 
will determine the success of this approach. 
175 
Stellenbosch University  https://scholar.sun.ac.za
30. Pterocarpus ango·7 ens i s MANAGEMENT 
I n genera 1 the management of 
the management of competitors. 
physically removing competing 
P. ango7ensis is concerned with 
This may b~ achieved ei.ther by 
plants or by implementing a 
burning regime which favours P. ango7ensis. 
The techniques to be implemented will be dependent on the ~ther 
woody species in the are~, their growth rates· and their 
ecology. For instance, if othet species are also fire toler~nt 
a higher fire frequency may need to be imp)emented which might 
a 1 so di sadvantage P. ango 7ensi s to a degree, but provi de the 
tree with an competitive advantage overall. 
The model shows that management of P. ango7ensis may be 
achieved through woodland management, since establishment j 
reproduction and survival of the species are closely linked to 
the development of the savanna vegetation. 
Vegetation management. should strive to create conditions which 
permit the species to advance through its developmental stages. 
Such conditions are not necessarily uniform throughout the 
di fferent stages, and the status of the speci es needs to be 
close 1 y mon i tored . The fo 11 owi ng parag raphs therefor·e 
summarise the conditions which would be most favourable for the 
individual stages. 
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30.1 Seed Production and Germination 
For maximum seed productirin the parent trees must be subject to 
very low levels of competition from the surrounding vegetation. 
According to the model favourable conditions may be achieved by 
artificial thinning of the vegetation or by implementing a fire 
regime which would disadvantage oth~r woody plants. A burning 
schedul e .. must, however, be determined wi th reference to the 
other woody species which occur in the area since they 
det~rmine the degree of competition, the rate of fuel bui.ldup 
and the fire hardiness of the competing vegetation ~s a whole. 
Care must be taken not to cause mortality of the parent tr~es. 
Seed germination in itself benefits from moderate fires since 
they enhance germination. In terms of resource management this 
would mean that increasing the number of cooler fires through 
earl y season burni ng shoul d assi st 1 n the regenerat i on of P. 
ango7ensis by stimulating germination. On the other hand, late 
burns will prolong the competitive advantage of seed trees, and 
therefore produce larger quantities of seed as a whole. 
Apart from implementing burning regimes, sections of the 
woodland area could be made available for shifting cultivation. 
Once the areas are abandoned. there will be few competing 
plants, and transplanted seedlings may have a better 
possibility of surviva1. This option must, however, be 
investigated further. 
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30.2 Suffrutex Development 
Since the establishment of seedlings is primarily determined by 
rainfall., management needs to focus on the survival and 
development of s~ffr~tex plants. The. susceptibility of 
seedl i ngs to herbi vore damage must, however, be kept in mi nd 
during the planning of management strategies. 
While frequent cool fires promote germination, such fire 
frequencies retard development of suffrutex plants. According 
. , 
to von Breitenbach· (1973) the suffrutex behaviour permits the 
plant· to develop a .large ~nough root system to support a 
permanent shoot. At the same time the suffrutex is less prone 
to fire damage, although Vermeulen (1990) indicates that annual 
burning will retard its development. 
Excessive competition will also hamper the development of 
plants through the suffrutex stage (Boaler and Schiwale1966). 
Suff rutex deve 1 opinent wi 11 be enhanced under cond it ion s of low 
competition with the surrounding vegetation and low or moderate 
fire frequency. 
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30.3 Tree Development and Survival 
.Once pl ants emerge from the suffrutex stage to develop thei r 
permanent shoot they benefits from their higher fire resistance 
(Vermeulen 1990). However, this resistance may be overcome by 
frequent fi res, as shown by the 1 esi ons seen on trees in the 
field. 
31. EXPLOITATION 
The effect of exploitation needs to be considered carefully in 
the light of the restricted knowl~dge. Since the model only 
provides t~ntative g~ide-lines towards management, no concrete 
rules can be set according to which exploitation should take 
place. 
Graham (1983) provides the following considerations, however. 
A maximum tree size for remaining trees in a stand must 
be determined, and must serve as goal for. exploitation 
management and controi. 
A cutt i ng eyc 1 e must be determi ned, dependi ng on the 
growth of the stand. 
(Growth must not only consider individual tree growth, but the 
growth and developm~nt of the stand as a whole.) 
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Tree selection should be based on vigour, form or health. 
, 
This is supported by Seydack (pers. com. 1994) 
In addition, the recommendations of Gover (1972) should be 
noted, that .an effort shoul~ be made to r~t~in both the.overall 
structur~ of the woodland, and also to create conditions 
suitable for regeneration. 
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32. RECOMMENDATIONS 
The evaluation of the model highlighted the need for more 
concrete information. Initial activities must therefore 
concentrate on research. The following is recommended: 
to determi ne methods for sowi ng P. ang,? 7 ens i sin the 
field s6 that artificial regeneration is possibl~. 
to determine the fire frequencies which provide the 
seedlin~s, suffrutex plants and. trees with a competitive 
ad0antage over the remaining woody ve~etation. 
to determi ne a method sui tabl e for agi ng i ndi vi dual P. 
ango7ensis plants. 
to determi ne appropri ate thi nni ng techni ques to reduce 
the amount of competition. 
to determine'signs which indicate that a tree is dying, 
so that 
without 
whole. 
a portion of 
affect i ng the 
the population 
survival of the 
may be removed 
population as a 
to determine the n~tural, site specific mortality rates. 
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to determine the ability of coppice material to survive, 
so that it may be incorporated in a management plan. 
to determine growth rates. 
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33. CONCLUSION 
At this time there is little or no active management of the 
savanna woodlands in northern Namibia, although l~rge areas of 
these woodlands are incorporated in conserva~ion areas. 'While 
the authorities have realized that fires play an important role 
in the·. ma i ntenance and deve 1 opment of th is vegetat; on, fire 
management is restricted to attempts to exclude fires from the 
areas. However, due to 1 imi ted resources and 1 i mi ted 1 oca 1 
knowledge this form of management is not effective. 
The li~erature reviews, the field survey and the model 
attempted to prov; de ins; ght into the management requi rements 
of P. ango7ensi~ within the savanna woodlands. Th~ literature 
provided the context in which P. angolensis must be seen, and 
t he bas i c i n for mat ion for the com p i 1 at ion 0 f the s i m u 1 at ion 
model. The field survey~ in turn, highlighted the effect of 
grazing practices on savanna development. 
The rul e based model on the other hand indicated a number of 
places where the available information is inSufficient for the 
development of management strategies. 
This study therefore serves as a guide~line to management 
planners to indicate what needs to be considered if the 
vegetation is to be manipulated. The study also serves to show 
~hat additional research is req~ired to ensure that_Pterocarpus 
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ango7erisis may be utilized .on an .ecologic~lly sound and 
sustainable basis. 
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APPENDIXES 
1 EVALUATION OF ALTERNATIVE STUDY AREAS 
1.1 Bushmanland 
The area referred to as Bushmanl and here. is located 
approximately between 19017'E, 1905'S and 19015'E,19017'S, and 
includes the farms Rooidag (1001) and Talitha (1006) and 
adjoining sect.ions of the formerly communal a~ea of the Tsumkwe 
district. 
Representativeness of the Area: 
Studies previously carried out in Kavango (Geldenhuys 
1977) and weste,rn Capr i vi (von Brei tenbach 1968), and 
personal observations in western Bushmanland, indicated 
that the Species occurring in the proposed area represent 
those found in the other sav~nna. woodlan~ areas of 
Namibia. 
Although insufficient information was available on the 
sOils of Namibia, the available geological maps indicated 
little variation in soil types for Namibia's savanna 
wocdlandareas. 
According to the available rainfall maps (Amakali 1992), 
preci pi tat ion in. the proposed ·area is represent at i ve of 
the region. 
Human influence and Land Use: 
In view of the low population density in the communal 
sect i on of the area ill ega 1 cutt i ng was rest ri cted to 
only a few localities within that area. 
Pastoral farming was the predominant form of land use in 
the extreme western parts of the area. The extent of 
this form of land use was restricted, however, due to the 
occurrence of 'Gifblaar' (Dichapeta7um spinosum) a 
poisonous plant which inflict heavy stock losses. 
Available Information on the Area: 
A vegetation survey of Bushmanland was conducted in 1982. 
Although the methods used in the survey were not 
available some conclusions may be drawn on vegetation 
development nevertheless. 
Some 1988/89 LandSat TM imagery is .available on the 
western sect i on of the area, 1992 SPOT XS i mages are 
available for. the whole north eastern parts of the 
country. 
Res ear c h 0 nth e cop pic i n g be h a v i 0 u r 0 f P. an go len sis i s 
current 1 y on-goi ng in the area, and resu 1 ts may a "ready 
be available. 
The Directorate of Forestry is currently engaged in 
mappi ng the' vegetat i on of the ent i re northe rn pa rt s of 
the country. 
The farmers in the area were prepared to provide 
information concerning grazing on their properties. 
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Past exp 1 oi tat i on of Ki aat in the area had been 
documented. 
In view of the implications that wild fires hold for the 
status of grazi ng 1 and on the commerci a 1 farms, some 
farmers have kept records on the fi re hi story of thei r 
farm~. This information may be available for the 
purposes of the study. 
Other Advantages: 
A . number of organisations are curreritly conducting 
studies in Bushmanland, although most of these are 
concentrated on the more densely populated eastern parts. 
Communication with the organisations will provide 
valuable opportunities to share information. 
Th~ author has previous experience of the area. 
Disadvantages: 
The inc i dence of fi re i 'n the eastern sect ions has not 
been documented although this "type of information is 
lacking for all other areas that were considered. 
1.2 Okavango 
the Okavango regi on 
drysavanna woodlands 
are relevant: 
supports a 
of Namibia. 
Representativeness of the Area: 
considerable portion of the 
The following considerations 
The consideration"s concerning the soils and most of the 
vegetation composition of Kavango coincide with those for 
the Bushmanland area. 
Human influence and Land Use: 
Few records concerning the history of land use are 
a v ail ab 1 e for K a v a ng 0 , par tic u 1 a r 1 y wit h re gar d tot h e 
exploitation of P. ango7ensis 
The southern sections of the region are currently under 
development .for commercial farming purposes. Some 
records on land use in this area may therefore be 
available from the Department of Agriculture. 
The hi gh populat ion· densi ty especi all yin the northern 
parts of the region, coupled with a thriving market for 
traditional woodwork, has resulted in extensive 
unrecorded exploitation. 
Domestic stock does not playas important a role in the 
communal farming sector as, it does in other areas of the 
country. 
Fi re Hi story of the Area: " 
The southern parts of Kavango borders on the same area as 
the potent i a 1 stud.y area in Bushman 1 and, and the same 
considerations are applicable. 
Potential Disadvantages: 
While the occurrence of illicit harvesting is presumed to 
be concentrated in the northern parts of the region, the 
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difficult access reduces the suitability of the less 
densely populated south considerably. 
1.3 Caprivi 
The Cap r i v i region was previously ide n t i fie d . as a pi lot area 
for forestry development in Namibia since this area supports a 
valuable portion of the country's forestry resource. 
The following should be noted: 
Representativeness of the Area: 
The available geological maps of Namibia. indicate that 
the soils in Caprivi are similar to those of the whole of 
north eastern Namibia. 
From available rainfall maps it is evident that the 
Caprivi region receives an annual rainfall markedly 
hi gher than any other area.i ri Nami bi a. Thi s seems to be 
one of the pri mary causes for the hi gh val ue of its 
forest resource. 
Human inf7uence and Land Use.: 
Fire 
The .western parts of the Capri vi regi on were decl ared 
protected (game reserve) by the conservation authorities 
just before the area was occupi ed by the South Afri can 
armed forces during the war for Namibia's independence. 
Access to the area was restricted (if not hazardous) and 
this limited land use. 
History: 
·Discussions 
Caprivi have 
burning. 
with forestry 
shown that the 
officials 
region is 
stationed in the 
subj ect to annua 1 
Avai7ab7e Information: 
A number of studies have been carried out on the 
vegetat ion in Capr i vi and a management plan was compi 1 ed 
during the late 1960s. 
E><:p 1 oi tat i on of Ki aat has been documented by the Luta 1 a 
Sawmill. 
Possib7e Disadvantages: 
The floodplain of the Zambezi extends well into the 
eastern parts of the regi on, causi ng di fferences in soi 1 
conditions. 
The long distances that need to be travelled to reach the 
area for fi el d work waul d more than doubl e the cost of 
transport. 
Few records are available on land use. 
Most exploitation was restricted to the eastern, moist 
sections of Caprivi due to the war situation. 
Since rainfall has been identified as one of the key 
factors in the dry savanna woodlands the atypical 
preci pi tati on makes the area 1 ess representat i ve of the 
biome within Namibia. 
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2 SOME PRINCIPLES OF REMOTE SENSING 
Remote sensors such as the French SPOT s~tellite record 
elect~omagne~ic radiation reflected or emitted from the earth's 
surface. These recordi ngs are not co11 ected over the ent ire 
electromagnetic spectrum, but rather in a series of .bands, each 
of which may provide information concerning certain aspects of 
a feat u re. (See a 1 so Ri chard son and Wi egand, 1977, who re 1 ate, 
various vegetation density indicators to spectral reflectance 
data of the Landsat system) 
The table below (Table A.1) provides a summary of the SPOT XS 
wave bands and their uses relevant to this study: 
Wave Spectral 
Band Range (I-'m) Use 
1 0.50-0.59 Measurement of green reflectance 
of green vegetat i· on 
2 0.61 - 0.68 Useful for discriminating 
between plant species and to 
delineate soil boundaries 
3 0.79 - 0.89 Especially responsive to the 
amount of vegetation biomass, 
and, can be used for crop 
identification. 
Tab 1 eA. 1: SPOT XS wave bands and thei r ut'i 1 it i es in the 
stratification of vegetation into possible units. 
(Source: ERDAS Field Guide 1982, p.24) 
Most visible light (0.4iJm to 0.7iJm) is absorbed by 
photosynthetic pigments, while near infra-red waves (0.7iJm to 
1 . 31-'m) are refl ected by the interface between ce 11 wall sand 
inter-cellular air spaces (Barbour, Burk and Pitts 1987, 
p. 222) . A further wave band, not mon i tored by SPOT XS, covers 
1 . 51-' m to 2. 5 iJ m ( sh 0 r twa v e i n f r are d ) and i s a b s 0 r bed by 1 e a f 
water (Barbour, Burk and Pitts 1987). 
The primary differences in the reflectance of different species 
are therefore dependent on the morphological features of their 
leaves which affects both the pigment content and physical 
structure. Major difference in leaf reflectance are dependent 
on leaf thickness. (Curran 1985, p.24, Gates et a7. 1965) 
In addition, the geometry of the vegetation canopy will 
determi ne the amount of shadow reCorded by the sensor (Curran 
1985, p.24)., as well as the amount of leaf area exposed The r 
phys i 01 ogi ca 1 state of the plant wi 11 det e rmi ne t he amount of 
pigmentation and water in a leaf. 
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While it is possible to classify homogeneous standing crops on 
agricultural lands by vi'rtue of a spectral signature, natural 
vegetation is more difficult to'cl~ssify due to greater species 
heterogeneity (Barbour, Burk and Pitts 1987). Curran (1985, 
p.29), however, points out that th~ reflectance of a rough tree 
canopy may be distinguished from.a smoother grassland canopy. 
Further assistance. is gi ven by the $eason in whi ch the image 
this was recorded (Ja rman et a 7. 1983). The i mage used in 
study was taken towards the end of th~ rainy Season. 
Although no field check could be carried out 
origin of the image, a visit to the area during 
a year later showed th~t the vegetation on the 
the grasses had already started to tU.rn brown. 
the streets had remained green until later. 
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3 MATERIALS 
3.1 Details of the satellite image us~d during mapping 
Sensor SPOT XS 
Nodes 111~388 
111-389 
Date 21 .05.1992 
Ground Resolution 20m 
3.2 Details of the satellite image map 
, 
Projection Traverse Mercator 
.- .. -
Central Meridian 19 E 
Latitude of Origin 22 S 
False Northing 0 
False East i ng . 0 
Scale 1 : 50,·000 
Spectral Bands (RGB) 3 2 1 
Processing Processing before printing 
was carried out by SSC 
Satellitbild in Sweden. 
Details were not provided 
with the images 
3.3 Details of topographic maps used 
Topographic Maps: ' 1919 AA 
1919 AC 
Scale 1 50.,000 
Projection Transverse Mercator 
Central Meridian 19 E 
Source Aerial Survey 
Job 723/1973 
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3~4 Methods for Soil Analysis 
The soil samples were analysed 
Laboratory of the department of 
Agro-Ecological Zoning project. 
costs. 
by the Agricultural Soil 
Agriculture, as. part of an 
This significantly reduced 
The following methods were used: 
Phosphorus - Ohlsen Method 
- Extractant NaHC03 
- Absorbance measured spectro-
photometrically at 882nm 
Extractable and - Extractant Ammonium Acetate 
Water soluble (1mol/dm3, pH 7) 
cations - Calcium and magnesium. absorbance 
meas.ured with Atomic Absorption 
Spectrometer 
- Potassium and sodium atomic 
emission measured wi th Atomic 
Absorption Spectrometer 
pH - 1 : 2.5 soil ! 1mol/dm3 potassium 
chlorlde ratio suspension on a 
mass base 
Texture - Dispersion with Calgon 
- Measurement with hydrometer 
- USDA Classification used 
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